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ABSTRACT
A  general explanation o f the collection and reduction o f crystallographic data is 
presented. This is followed by a b rie f explanation o f routine crystal structure solution 
and refinement. The results o f five routine organic structure solutions are included. A  
discussion o f the perovskite structure aristotype is fo llow ed by an elaboration o f four 
common distortions to the aristotype that result in perovskite hettotypes. A  crystal 
structure fo r barium bismuthate is analyzed to explain its occurrence as a perovskite 
aristotype. A  literature review o f powder and neutron diffraction structures reported fo r 
barium plumbate included a wide variety o f perovskite hettotypes and one aristotype.
No reports o f a structure resulting from  single crystal X -ray diffraction data were found 
in the literature. Single crystal X -ray diffraction data were collected fo r tw o samples o f 
barium plumbate at the LSU  X-ray Crystallography Laboratory. The data were reduced 
using Enraf Nonius’ Structure Determination Package, and a structure was refined using 
Direct Methods and M oLEN . Both crystals exhibited pseudocubic symmetry and defied 
routine structure solution. They possessed the lattice constants o f a cube (a  =  4.27 A), 
but apparently not the fu ll set o f symmetry elements o f a cube. Thus, the crystals could 
not be conclusively assigned to a space group using routine methods. An in-depth 
statistical analysis commenced fo r the intensity data o f Crystal 2. Application o f the 
methods o f cluster analysis and the analysis o f variance resulted in the declaration o f a 
structure which, at the 95% confidence level, is consistent w ith  the symmetry o f space 
group number 221 — Pm3m, the space group o f the perovskite aristotype.
ix
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CHAPTER ONE 
GENERAL CRYSTALLOGRAPHY AND FIVE ORGANIC STRUCTURES
1.1 INTRODUCTION
X-ray crystallography is currently the most reliable method that can be used to 
unambiguously determine the structural relationships between atoms in chemical 
substances that are in the solid state. It allows for the determination o f relative atomic 
positions (coordinates) to a very high degree o f accuracy. The procedure fo r 
determining the structure o f a single crystal is well documented and presented in several 
excellent texts.1’2,3 Even though better technology has facilitated the overall process by 
reducing the time required to solve and refine a crystal structure, the five basic steps o f 
the procedure must s till be implemented. Those five basic steps are:
1.) Crystal selection,
2.) Data collection,
3.) Data reduction,
4.) Structure solution
5.) Structure refinement.
Each o f these five steps w ill be outlined below. Then the results o f five successful crystal 
structure refinements w ill be presented at the end o f this chapter.
1.2 CRYSTAL SELECTION
Crystal selection entails choosing a single (untwinned) well-formed crystal w ith 
smooth, fla t faces that meet at distinct, measurable angles. The preferred crystal
1
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dimensions range from 0.2mm to 0.4mm on a side. I f  a suitably-sized crystal cannot be 
grown, larger crystals may be cut to fit. Once an appropriate single crystal is chosen or 
prepared, it is then mounted on a glass fiber that is set into a goniometer head. The final 
aspect o f mounting the crystal is adjusting the crystal’s position on the diffractometer so 
that the crystal’ s center o f mass remains fixed in space as the crystal is rotated into 
incrementally varied orientations while being bathed in a monochromatic and collimated 
beam o f X-rays. This allows fo r the measurement o f Bragg reflections.
1.3 D A T A  COLLECTION
The crystallographic data reported and manipulated in this dissertation were all 
collected at the X-ray Crystallography Laboratory at Louisiana State University on an 
Enraf-Nonius CAD4 Diffractom eter using the co/29 scan technique. The X-rays were 
passed through a graphite monochromator to produce a beam o f X-rays with a narrow 
wavelength distribution. One cryogenic analysis was attempted at 120K. A ll other data 
were collected at ambient temperatures o f approximately 295K.
The choice o f copper (X = 1.54184 A) vs. molybdenum (A. = 0.71073 A) as a 
radiation source is dictated by the material being analyzed. Cu (“ soft” ) radiation is 
usually used for macromolecular materials because the determination o f larger unit cell 
parameters is facilitated when diffracted radiation o f a longer wavelength w ill be more 
separated on the detector. Cu radiation is also chosen fo r the structure determination 
o f organic molecules, because these molecules typically do not contain atoms that absorb 
this radiation strongly. M o Ka (“ hard” ) radiation w ith its shorter wavelength and higher 
penetrability is less readily absorbed by heavy atoms in crystals. Also, diffractometer
2
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counters have a very high counting efficiency fo r this radiation. Therefore, it is the 
choice for small inorganic molecules and molecules w ith atoms that absorb Cu Ka 
radiation. The type o f radiation used is reported fo r each individual crystal in the 
Crystallographic Data Tables in section 1.7.
The firs t task o f data collection is to determine lattice constants w ith  the 
diffractometer. (Prior to the 1990's this information was typically determined by 
operator measurement o f diffraction maxima on photographic film .) Enraf-Nonius 
supplies a computer program that searches fo r and indexes reflections that are randomly 
located in reciprocal space. This search and index procedure generates a preliminary unit 
cell that is next used to collect a rapidly-scanned set o f reflections w ith relatively high 20 
values.
Twenty-five reflections are then selected for a least squares refinement that w ill 
produce a more precise set o f lattice constants. The two criteria for the selection o f 
these 25 reflections is that they are o f relatively high intensity and that they are 
distributed as evenly as possible throughout reciprocal space. Extremely precise cell 
constants are obtained from this step.
Next the crystal class (point group) o f the sample must be determined so that the 
crystallographer can collect data fo r unique reflections. Depending on the inherent 
symmetry o f the crystal being studied, anywhere from 1/4 o f a sphere to a fu ll sphere o f 
data are collected. On an automated diffractometer the Bragg reflections are measured 
in serial fashion. That is, a given reflection is measured, and then the diffractometer 
automatically steps to the next M ille r Index to measure the next reflection. The intensity
3
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o f each reflection is measured by a thallium-doped LiF  scintillation detector. The 
detector is positioned at 20 to optim ally intercept the diffracted X-Ray beam.
A t the conclusion o f data collection, a relative intensity, I, has been measured for 
each reflection. The measured intensities are independent o f the dimensions o f the 
crystalline lattice, but they are dependent upon the nature and arrangements o f atoms 
w ithin the unit cell. (The unit cell dimensions determine the angles at which the scattered 
radiation w ill be collected, but not the intensities o f the diffracted beams.)
The arrangement o f the atoms in the crystal is the structure o f the crystal — and 
this is the goal o f the single crystal X -ray diffraction analysis. The crystallographer’s 
task is to deduce the atomic arrangement (the crystal structure) from  the raw intensities.
The intensity o f the scattered radiation is proportional to the square o f the 
amplitude o f the structure factor, |F|2. The structure factor, F, represents a direction in 
which there is a diffraction maximum resulting from the scattering o f X-radiation by a 
unit cell o f the structure. In turn, the structure factor fo r the unit cell, F, is a function o f 
f, the atomic scattering factor o f an individual atom. The atomic scattering factor, f, is 
the amplitude o f the scattering o f X-radiation by a single atom. As a consequence, each 
measured intensity contains inform ation about the entire atomic structure o f the crystal. 
The simple, but elegant, equation
I a  |F|2 (Eqn. l - l )
sums up the preceeding paragraph rather succinctly.
Geometric factors and absorption factors also affect the measured intensities. 
These factors and the corrections applied to the raw intensity data are discussed in the
4
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next section. The factors are generically represented by the proportionality constant, K, 
in the equation
1.4 D ATA REDUCTION
The structure factors are directly dependent upon the arrangement o f the atoms 
in the crystal, and they are derived from the raw intensities by applying a geometric and 
absorption correction. The geometric correction is a combination o f Lorentz (L ) and 
polarization (p) corrections. The Lorentz correction accounts fo r the time the crystal 
was in a fixed position long enough to diffract a particular beam. The polarization 
correction accounts fo r the polarization o f X-radiation that is scattered by electrons. A 
separate correction fo r the effects o f absorption o f X-radiation by the crystal is also 
routinely performed, and is a function o f the crystal shape. Data reduction entails several 
steps where the raw intensity data is corrected for polarization, Lorentz effects, and 
absorption. The equation that describes these corrections is
where K  is a scaling factor that can be calculated. (The quantity K|F|2 can be calculated 
as soon as intensity measurements have been made.) Lp is the Lorentz-polarization 
factor, and Abs is the absorption factor. The values o f (Lp) and (Abs) can be computed 
for each reflection.
1.5 STRUCTURE SOLUTION
The next task is to postulate a suitable trial structure. A  suitable tria l structure is 
one in which the atomic positions o f several atoms are approximately determined. I f  the
5
I = K|F|2 . (Eqn. 1-2)
Icorr = K  |F|2 (Lp) (Abs) (Eqn. 1-3)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
approximate positions o f a majority o f the atoms in the structure are known, refinement 
can proceed efficiently. Four options are available at this point, and each is useful (or its 
use is dictated) in different circumstances: the tria l and error method, the Patterson 
Method, the heavy atom method, or Direct Methods.
The original method used by crystallographers — the tria l and error method — is 
currently the least used. Three other more powerful methods have superceeded it. In all 
four methods, structure factors fo r a tria l model are calculated and then compared to the 
observed structure factors.
The Patterson (o r Vector Map) Method replaced the tria l and error method and 
was the method o f choice fo r approximately 30 years. In the Patterson Method, a 
Fourier series requiring only the M ille r indices and the |F|2 value for each diffracted beam 
is evaluated. (In  other words, no phase information is needed fo r a Patterson function, 
because |F|2 is independent o f phase.) Only one Patterson function exists fo r a crystal, 
and the plot o f this function is often called a vector map. The Patterson Method is still 
useful in cases o f rather complex structures (like macromolecules) and molecules 
containing heavy atoms.
Often used in conjunction w ith the Patterson Method is the heavy atom method. 
This method is especially useful when there is one atom in the structure that is 
substantially heavier than the others. (Crystallographers even purposely attempted to 
synthesize suites o f compounds that contained heavy atoms that could substitute for each 
other in the same lattice site. This method, called the Isomorphous Replacement 
Method, is occasionally used in protein structure analysis.) The premise is that the
6
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structure factor o f the heavy atom essentially dominates the structure factor o f the entire 
structure. Therefore, once its position was determined and accounted for, the positions 
o f the other atoms became much easier to determine.
W ith the advent o f high speed computers, the Patterson method has been 
replaced by Direct Methods as the method o f widest application. D irect Methods can be 
applied to almost any compound, whether the compound contains a heavy atom or not. 
In these times o f extensive organic compound synthesis, Direct Methods are w idely 
used.
The goal o f D irect Methods is to derive an approximate set o f phase angles so 
that an electron density map can be calculated. A  suitable tria l structure can then be 
derived by interpretation o f the peaks on the electron density map. D irect Methods 
exploits the two facts that: 1.) each intensity contains information about the relative 
positions o f all the atoms in the unit cell, and 2.) that electron density must be non­
negative in real crystals.
D irect Methods were used to derive tria l structures for all the structures 
presented in this dissertation. The Patterson Method was attempted fo r the Barium 
Plumbate title  compound, but the results obtained w ith the Patterson Method were 
essentially identical to those obtained by D irect Methods.
1.6 STRUCTURE REFINEMENT
Once the approximate positions have been determined for most ( i f  not all) o f the 
non-hydrogen atoms in the structure, data refinement commences. The goal o f the 
refinement process is to achieve optimal agreement between the empirically measured
7
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structure factor amplitudes and the structure factor amplitudes calculated for the tria l 
structure. To attain this goal, atomic parameters are incrementally and systematically 
varied, followed by a Fourier synthesis and/or a fu ll matrix least squares calculation. 
(N .B ., the Fourier synthesis can also be useful during the derivation o f the tria l structure. 
Fourier-generated electron density difference maps may be used to pinpoint the locations 
o f atoms not yet accounted fo r in the tria l structure. Electron density peaks occur near 
the positions o f atoms in the tria l structure as well as at positions o f atoms that are 
actually present, but which are not yet included in the tria l structure. A  flat difference 
map at the end o f the refinement process typically indicates a good structure 
determination.)
When the number o f experimental observations exceeds the number o f 
parameters to be determined (the typical situation in a crystal structure analysis), the 
method o f least squares is a very useful tool. The method o f least squares is used to 
determine the best fit o f a proposed model to a set o f empirical data. For 
crystallographers, this involves fitting  structure factors derived from intensities to 
calculated structure factors. The fit o f the data are accepted as optimized when the 
quantity Q in the equation
Q = E oo (hkl) [ A |F (hkl)| ]2 (Eqn. 1-4)
is minimized. The atomic parameters that are varied include an overall scale factor, x, y, 
and z position parameters fo r each atom, and any vibrational (thermal) parameters.
Ideally, a least squares method should be applied to linear equations. Equations 
resulting from equation 1-4 above are not linear in the atomic parameters varied. The
8
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resulting non-linear equations contain trigonometric and exponential functions. 
Crystallographers therefore derive sets o f linear functions in which the variables are 
shifts from trial parameters instead o f the parameters themselves.
Because a reliable tria l structure is necessary' before the equations using shifts in 
parameter values are valid, least squares fu ll matrix techniques are not applied until the 
final stages o f structure refinement. Further, because the linearization o f least squares 
equations renders them only approximate, several cycles o f refinement are often 
necessary to achieve convergence.
Convergence in this context refers to how closely the observed structure factor 
amplitudes (Fo) agree w ith those calculated fo r the refined model (Fc). This agreement 
is quantified by the crystallographic R value (also called the “ discrepancy index”  or the 
“ conventional residual” ). R is calculated as
E  I ( |Fo| - |Fc| ) |
R =  ------------------------- (Eqn. 1-5)
I  ( |Fo| )
A  value less than R = 0.05 (meaning the observed and calculated structure factor 
amplitudes are w ithin ±  5% o f each other) is commonly accepted as one criterion that the 
refined crystal structure is correct.
Two other criteria are also used in conjunction w ith the R value to assess the 
correctness o f the refined structure. They are: ( I)  that the residual electron density at 
the end o f the refinement should be less than the estimated precision o f the electron 
density, and (2) that there are no anomalous bond distances nor bond angles in the 
refined crystal structure. (Any anomalies should be thoroughly investigated before the
9
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structure is declared to be correct.) Once the three general criteria described above are 
met satisfactorily, the crystal structure is accepted as being refined correctly.
1.7 SUCCESSFUL REFINEMENTS
Besides the barium plumbates which are the subject o f this dissertation, six other 
structure refinements were attempted. Five o f these six refinements were successfully 
completed using the S DP software package. Synopses o f the five successful structures 
are given below. (The synopses are patterned after crystallographic reports that are 
submitted to  Acta Crystallographica C.)
1.7.1 C,.H,oN,Q
1.7.1 .a. Comment
The title  compound, a terpyridine, was synthesized by John Keith in the research 
group o f Professor George R. Newkome at the University o f South Florida’s Center o f 
Molecular Design and Recognition. One focus o f Dr. Newkome’s research is the 
assembly o f supramolecular systems such as cascade macro molecules and dendritic metal 
complexes. The title compound is an important precursor to a family o f multifunctional 
molecules. These multifunctional molecules possess “ a predetermined spherical 
morphology which utilizes an octahedral or pseudooctahedral ruthenium (II)  metal 
centre coordinated to two different orthogonal 2,2,:6',2"-terpyridines (tpy) 
[Ru“ (Y tpy)(X tpy)]4 to build the arms o f the cascade polymer.” 5
1.7.l.b . Experimental
The synthesis o f the title  compound is described in a 1993 Chemical 
Communication5, and references therein. The crystals submitted by Keith fo r analysis
10
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were reported to have grown very slow ly over several weeks in ethanol. A  colorless to 
pale yellow prism was selected fo r single crystal X-ray diffraction analysis. An ORTEP 
plot o f the structure is included as Figure 1-1.
Figure 1-1. An ORTEP plot of the terpyridine C36H29N30 .
11
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Table 1-1. Crystal Data for CJ6H29N30
c 36h 29n 3o MoECot radiation
M , = 519.65 X =  0.71073A
Monoclinic Cell parameters from 25
C2/c reflections
a =  15.887(1) A 0 =  1-27.5 °
b =  13.416(1) A ju =  0.703 cm _I
c = 26.993(1) A T = 297 K
a  = 90.000(0)° Rectangular prism
P =  105.273(0)° 0.38 x 0.45 x 0.50 mm
y =  90.000(0)° Colorless to  pale yellow
V =  5550.3(6) A3
Z = 8
Dx = 1.244 M g m’3
Dm = not measured
Data Collection
Enraf-Nonius CAD-4 
diflBracto meter 
0/28 scans
Absorption correction: none 
6374 measured reflections 
5259 reflections w ith
I > Oct (I)
Refinement
R * =  0.014
Q «  =  75“
h = 0 ->  20 
k =  0 ->  17 
I  = -30 -> 30 
3 standard reflections
frequency: 120 minutes 
intensity decay: 0.5%
Refinement on F 
R  = 0.069 
wR = 0.050 
S = 1.737
5259 reflections 
478 parameters 
A ll H  atoms refined 
w  = 4F02/[CT2(f02)
+ 0.0004Fo4] 
(A/cr)max = 0.000
ApmK = 0.106 e A'3 
APn]in = -0.039 eA J 
Extinction correction: 
isotropic 
(Zacharaisen,
1963)
Extinction coefficient:
1 .9 9 (l)x l0 '6 
Scattering factors from Inter­
national Tables fo r  X-ray 
Crystallography (V ol. IV )
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1.7.2 5'-C.H,.N 0 ,I
1.7.2.a. Comment
The title  compound, ^'-2-(hydroxymethyl)-2,4,4-trimethylmoq)homum iodide, 
Figure 1-2, is the quaternary iodide salt o f morpholinium alcohol. Dr. Savle Prashant 
synthesized it fo r testing the bioactivity for choline acetyltransferase. 
Acetylcholinesterase (AchE) mediates the chemical transmission of nerve impulses in the 
body. AchE inhibitors serve many useful roles in pest control, chemical warfare, and 
mental wellness. AchE inhibitors were first designed in 19296, and since that time many 
types o f inhibitors have been developed and studied.7 The strongest reversible inhibitors 
bind to both an active site and a peripheral site on the enzyme.7,8 Inhibitors that bind 
only in the active site show competitive inhibition. Inhibitors that bind only in the 
peripheral site show noncompetitive inhibition.
Savle’s goal was to synthesize AchE inhibitors w ith a cyclic morpholinium 
structure w ith the hydroxyl group axial and the methyl group equatorial. The details o f 
the single crystal XRD analysis fo r two stereoisomers are reported in this section (1 .7.2) 
and the next (1.7.3). Prashant’s research found that these stereoisomers exhibited 
competitive inhibition — they bind only in the active site.
1.7.2.b. Experimental
The syntheses o f this enantiomer and its morpholine alcohol precursor are 
reported elsewhere.9 The crystals submitted for X -ray analysis at LSU were 
recrystallized twice by Prashant by vapor diffusion o f a methanol-diethyl ether mixture. 
He reports a constant and sharp melting point o f 155.5°C fo r these crystals.
13
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Additionally, he cites constant rotation as further evidence that the crystals are those o f a 
single enantiomer. (Prashant reported an enantiomeric excess o f 94% for this sample.)
A  single colorless to pale yellow blade was selected fo r single crystal XRD analysis.
C3
C4
CG
C9
Figure 1-2. An ORTEP plot of S -C ,H „N O ,I
14
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Table 1-2. Crystal Data for 1S'-C8Hi8N 0 2I
s-c 8h 18n o 2i M oKa radiation
M j. = 287.14 /I =  0.71073 A
Orthorhombic Cell parameters from 25
P21212I reflections
a = 8.1983(4) A 0 = 1-25 °
b = 9.880(1) A p  =  28.256 c m '1
c = 13.685(1) A T =  295 K
a  =  90.000(0)° Rectangular blade
J3= 90.000(0)° 0.10 x 0.25 x 0.30 mm
r =  90.000(0)° Colorless to pale yellow
V =  1108.4(2) A3
Z = 4
Dx = 1.721 M g m 3
Dm = not measured
Data Collection
Enraf-Nonius CAD-4 
diffractometer 
0/20 scans
Absorption correction: none 
4857 measured reflections 
2976 reflections w ith 
I > 3a (I)
Refinement
Rint = 0.036 
0^  =  75°  
h = - 13 -> 13 
£ = -1 5  -> 15 
1= 0 - > 2 2
3 standard reflections
frequency: 120 minutes 
intensity decay: 0.5%
Refinement on F 
R = 0.035 
wR = 0.039 
S = 1.396
2976 reflections 
114 parameters 
Only H I was refined 
w = 4F02/[a 2(f02)
+ 0.0004Fo4] 
(A/a)max < 0.01
APnux = 0.886 e A '3 
^Pmin = -0.223 e A '3 
Extinction correction: 
isotropic 
(Zacharaisen,
1963)
Extinction coefficient:
1.77(1) x 10-7 
Scattering factors from  In ter­
national Tables fo r  X-ray 
Crystallography (V ol. IV )
15
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The crystal structure that was solved at the end o f the analysis was that o f the S 
enantiomer. In order to guarantee the correct absolute configuration, a second structure 
refinement was initiated fo r these same data. But an initial assumption was made that the 
crystal structure would be that o f the R enantiomer. (A  simple exchange o f C fo r O 
results in the conformation o f the R enantiomer.) This second refinement converged to a 
shift/error ratio o f 0.00, just like the first refinement did. Table 1-3 presents a side-by- 
side comparison o f the results o f both refinements.
Table 1-3 
Results of the Hamilton’s R-factor Ratio Test for*S,-CgH18N 0 2I
Refinement 1 Refinement 2
R unweighted 0.035 0.038
R weighted 0.039 0.043
GOF 1.396 1.566
S/E 0.00 0.00
Cut o ff I  > 3 a (I) I >  3a(I)
Configuration S R
The refinement o f the S configuration enjoys better R factor and goodness o f fit 
(GOF) agreement than does that o f the R configuration. Nevertheless, to ensure that the 
correct absolute configuration would be reported, Hamilton’s R factor ratio statistical 
test was conducted.10 To apply Hamilton’s R factor ratio test, a null hypothesis must 
first be stated: one cannot distinguish between the tw o enantiomers. In other words, the 
difference between R = 0.039 fo r the first refinement and R = 0.043 for the second 
refinement is not sufficient to allow a crystallographer to discern which o f the two 
enantiomers data were collected for (and for which a structure was subsequently 
refined.) The second step in this procedure is to attempt to reject the null hypothesis.
16
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Using the weighted R  factors o f 0.039 for the S refinement and 0.043 fo r the R 
refinement, the R factor ratio is calculated as R = 0.043/0.039 = 1.1025641. The 
dimension o f the hypothesis, b, is equal to 1. This is because the number o f variables, 
114, is exactly the same fo r each refinement. (In fact, the sole difference between the 
two refinements is the postulated geometry o f the enantiomers — the first being S, and 
the second being R.)
The number o f observations (n = 2976) minus the number o f parameters (m =
114) equals 2862, or approximately 3000. (n - m = 2976 - 114 = 2862 = 3000) Next, 
the tables in Section 4.2 o f Vol. IV  o f the International Tables fo r X-Ray 
Crystallography (p. 289-292) were consulted. A  value o f 1.0013 was obtained when a  = 
0.005 fo r n-m = 3000 and b = l. ( The value a  = 0.005 means that a 0.5% certainty exists 
that the null hypothesis is correct; if, and only if, the R-factor ratio, E, is greater than 
the value from the table.)
A  comparison o f the R-factor ratio ( K. =1.1025641) to the value from the table 
(1.0013) shows that E  is indeed larger. Therefore, only a 0.5% certainty exists that the 
null hypothesis is correct. The statement can be made that: the null hypothesis is 
rejected, and a 99.5% certainty exists that the structure o f the S enantioner has been 
refined and solved.
1.7.3 /?-C .H „Q ,N I
1.7.3.a. Comment
The title  compound, /?-2-(hydroxymethyI)-2,4,4-trimethylmorphonium iodide 
(Fig. 1-3), is the second enantiomer o f a quatemized morpholinium alcohol to be isolated
17
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by the research group o f Savle (and Gandour.) I t  was synthesized fo r testing the 
b ioactivity fo r choline acetyltransferase, just like  the S enantiomer was. 
l-7.3.b- Experimental
The synthesis o f this compound is described elsewhere.9 The crystals were 
grown via vapor diffusion o f a methanol-dietylether mixture. Prashant reports that this 
sample was recrystallized four times. A fte r the fourth recrystallization, a constant 
melting point, o f 158° C was achieved. Further, constant rotation was also achieved. 
Prashant reports constant melting point and constant rotation as suitable indicators that 
only one enantiomer exists in this batch o f crystals. He reported an enantiomeric excess 
o f 94%. An essentially colorless to pale yellow  prism was selected fo r single crystal 
XRD analysis.
C2n02
C5
C6 C 7
C8
C9
Figure 1-3. An ORTEP plot o f A-C8H18N 0 2I.
18
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Table 1-4. Crystal Data for /?-C8HI8N 0 2I
/? -c8h 18n o 2i M oK a  radiation
M,. = 287.14 A =  0.71073 A
Orthorhombic Cell parameters from 25
P2l2,2l reflections
<7 = 8.1912(4) A 0 =  1-25 °
b — 9.893(1) A p. =  28.257 cm'1
c = 13.678(1) A T =  294 K
a  = 90.000(0)° Rectangular prism
J3= 90.000(0)° 0.10 x 0.25 x 0.30 mm
y =  90.000(0)° Colorless
V =  1108.4(2) A3
Z = 4
Dx = 1.721 Mg m"3
Dm = not measured
Data Collection
Enraf-Nonius CAD-4 
diffractometer 
0/20 scans
Absorption correction: none 
4859 measured reflections 
3214 reflections w ith 
I > 3cj (I)
Refinement
R i n t  =  0.033
6 «  = 75»
h =  -  3 -> 13 
k =  -15 ->  15 
I  =  0 - >  20
3 standard reflections
frequency: 120 minutes 
intensity decay: 0.5%
Refinement on F 
R = 0.070 
wR = 0.036 
S = 1.463 
3214 reflections 
114 parameters 
Only H I refined 
w = 4F02/[c r(f02)
+ 0.0004Fo 
(A/cr)max <0.01
‘]
A p ^  = 2.689 e A'3 
Apmin = -0.275 e A '3 
Extinction correction:
isotropic (Zacharaisen, 
1963)
Extinction coefficient:
4.5(3) x  lO'7 
Scattering factors from Inter­
national Tables fo r  X-ray 
Crystallography (Vol. IV )
In order to ensure the correctness o f the reported absolute configuration, a 
Hamilton’s R-factor ratio test10 was performed for this data set. (An R-factor ratio test
19
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was also performed on the data set that was presented in the preceeding section, section 
1.7.2, for the S enantiomer.) As described in the preceeding section, before the R-factor 
ratio test can be performed, a second refinement must be carried out fo r these same data. 
To perform this second refinement, the positions o f C and O were exchanged. Table 1-5 
below is a compilation o f the relevant values used in the R-factor ratio test fo r this data 
set.
Table 1-5 
Results o f the Hamilton’s R-factor Ratio Test for R-C8HlgN 0 2I
Refinement 1 Refinement 2
R unweighted 0.070 0.074
R weighted 0.036 0.041
GOF 1.463 1.672
S/E 0.01 0.01
Cut o ff I  > 3ct(I) I > 3ct(I)
Configuration R S
The refinement fo r the R configuration gives slightly better R-factor and GOF 
agreement than that fo r the S configuration. The procedure fo r the Hamilton’s R-factor 
ratio test is outlined in detail in the previous section. Therefore, the condensed results o f 
the test fo r this data set are presented below.
Using the weighted R factors reported in Table 1-5 gives R =  0.041/0.036 =
1.1389. The value fo r the dimension o f the hypothesis is b = I again. The value o f n-m, 
the number o f observations minus the number o f parameters is 3214 - 114 = 3100. A  
value o f 1.0013 was obtained from the tables in Section 4.2 o f Vol. IV  o f the 
International Tables fo r X-rav Crystallography (p. 289 - 292). Because the R-factor 
ratio (R = 1.1389) is greater than the value from the table in sec. 4.2 (1.0013), there is
20
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only a 0.5% probability that the R configuration reported is incorrect. Alternatively, it 
can be stated that a 99.5% probability exists that the data collected and the structure 
refined are all for the R enantiomer, as reported herein.
1-7-4 Q sH mOs
1.7.4.a. Comment
The title  compound is a macrocycle (Figure 1-4) synthesized by Mingfei Chen 
and Henry W. Gibson. Their w ork is performed at the National Science Foundation 
Science and Technology Center fo r High Performance Polymeric Adhesives and 
Composites at V irginia Polytechnic Institute in Blacksburg, VA. One goal o f Chen and 
Gibson’s research is to produce poly(ether ether)ketone (PEEK). PEEK is a high 
performance semicrystalline thermoplastic that is commercially available. It is well 
known fo r its excellent mechanical properties, as well as its thermal and environmental 
stability. PEEK is produced commercially by the aromatic nucleophilic substitution 
reaction o f 4,4-difluorobenzophenone w ith excess hydroquinone at a polymerization 
temperature near its melting point.11,12 Chen and Gibson’s ultimate goal is to produce 
PEEK through ring-opening polymerization o f macrocyclic precursors. Chen and 
Gibson report two main advantages to using macrocyclic precursors, namely: low  melt 
viscosity and rapid melt ring-opening polymerization w ithout generating volatile side 
products.13 Further, Chen and Gibson are pioneering the use o f Friedel-Crafts acylation 
to synthesize macrocycles. They report several potential advantages to using the Friedel- 
Crafts reaction, including: the reaction is very fast (and thus produces high yields), the 
reaction temperature is relatively low (e.g., room temperature), and the solvents and
21
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starting materials are inexpensive.14 Although their yields thus fa r  have been low  
compared to the yields obtained w ith aromatic nucleophilic substitution, they have been 
successful in showing the potential use o f the Friedel-Crafts acylation reaction to 
synthesize macrocyclic monomers w ith ether, ketone, and sulfone linkages.
C20!
C27»i
C31
C4
04
02C!2C25C2EI C7
C23 C2!C24
CIO
C llCISCE3 Cl7C22
C20i
C13
CIS
Figure 1-4. A  PLU TO  p lo t o f the macrocycle CS6H 4406. N o t«  the acetone molecule
in  the center o f the ring.
22
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1.7.4.b. Experimental
The synthesis o f the macrocyclic title  compound has not yet been reported in the 
literature. However, the general synthetic technique employed by Chen and Gibson is 
reported elsewhere.13,14,15 The crystals submitted fo r single crystal XRD were grown 
from  a dilute solution o f acetone by slow evaporation o f the solvent. Proton NMR, C-13 
NM R, FAB-MS, and IR  were used to prove that the sample o f the title  compound was 
100% pure. A  colorless prismatic crystal was selected fo r single crysta XRD analysis. A 
solvent molecule o f acetone was discovered in the middle o f the macrocyclic molecule. 
The acetone molecule resides on a 2-fold rotation axis.
Table 1-6. Crystal Data for CS6H44Ofi
CSgH 440 6 CuKa radiation
M,. = 812.96 X =  1.54184 A
Orthorhombic Cell parameters from  25
Pccn reflections
a =  15.809(1) A 0 = 2-25 °
b =  29.588(3) A / / = cm ' '
c =  10.810(1) A T = 297 K
a  =  89.997(6)° Rectangular prism
f3=  90.000(5)° 0.20 x 0.17 x 0.15 mm
y — 90.016(7)° Colorless
V =  5056.3(7) A3
Z =  4
Dx = 1.19 Mg m'3
Dm = not measured
Data Collection
Enraf-Nonius CAD-4 Rint-0.00
diffractometer 0« *= 7 5 °
9/20 scans h = 0 -> 18
Absorption correction: none tc = 0 -> 37
5803 measured reflections /= 0 ->  13
(table continued)
23
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5197 reflections with 
I  > 3ct (I)
3 standard reflections
frequency: 120 minutes 
intensity decay: 0.5%
Refinement
Refinement on F 
R =  0.114 
w R = 0.071 
S =  1.241 
5197 reflections 
301 parameters 
A ll H  atoms refined
APmax = 1.699 e A'3 
Apmin = 0.394e A*3
Extinction correction:
isotropic (Zacharaisen,
1963) 
Extinction coefficient:
7.1(3) x 10'7 
Scattering factors from Inter-
•7
w  =  4F02/[cr2(f02)
+ 0.0004Fo+; 
(A/a)m ax = 0.009
national Tables fo r  X-ray 
Crystallography (Vol. IV )
1.7.5 fPPhri-,rMovOClri • 2CH-.CL
1.7.5.a. Comment
Transition metal complexes that contain a multiple bond between the metal and a 
Main Group element (N, O) have been well studied.16 M etal-oxo complexes have been 
shown to transfer oxygen atoms to organic substrates. Such complexes may also serve 
as metalloenzymes that catalyze oxygen atom transfer to and from  substrates.17
The title  compound was synthesized as part o f a study on the photoredox 
reactions o f molybdenum. A  recent study has reported that the simple M o(V) oxo 
complex, MoOCl4(NCCH3)‘, “ shows d-d fluorescence in acetonitrile solution w ith a 
lifetim e (1 10 ns) sufficient fo r reaction w ith one-electron oxidants and reductants.” 18 A 
series o f experiments was initiated to investigate the photochemistry o f the M ovO system 
MoOC14(H20 ) ' using phosphines (including PPh3) as oxygen acceptors. The goal o f this
24
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work was to achieve photochemical oxygen transfer. Ligand substitution appears to be 
the only photochemical activity attained w ith PPh3.
1.7.5-b. Experimental
Using standard dry box techniques, (PPh4)[M oO Cl4(H20 )] was prepared 
according to the literature procedure.19 This M ov complex was then dissolved in 
dichloromethane, giving a green solution. The addition o f 1.2 equivalents o f PEt3 caused 
an immediate color change to maroon. The maroon reaction mixture was stirred fo r one 
hour and then flooded w ith pentane. A  yellow suspension resulted and was left to sit 
overnight. Three different substances were ultimately isolated form the reaction mixture 
— an orange crystalline material, a maroon oil, and plates o f a greenish-yellow crystalline 
material.
Single crystal X-ray analysis o f the greenish-yellow plates resulted in unit cell 
parameters that closely match a number o f isostructural compounds with the general 
formula
CPPh4)2[M X„C l6.n]-2CH2Cl2.
When M  = W20,21, Ru22, Os22, and U22, the anionic metal complex lies on a center o f 
symmetry. Therefore, fo r the anions where n = 0 (M  = M o(IV), MoCI62') or n = 2 (M  = 
Mo(VT), /m/75-Mo02Cl42‘), the structure can be fu lly ordered. For the title  compound, 
the Mo occupies an inversion center; hence, the O and the Cl trans to O are related by 
symmetry. Disorder prevents these two atoms from being refined independently o f each 
other.
25
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Nevertheless, the occurrence o f a M o = 0  double bond is debatable. The M o- 
0/C13 bond distance o f 2.231 A is unexpectedly short compared to the M o -C ll and M o- 
0 2  bond distances o f 2.38 A. This could indicate a M o=0  double bond. However, the 
title  compound is not significantly hygroscopic. ( It is reported that several weeks in 
moist air are required fo r the surface o f the plates to exhibit green discoloration.)23 It 
was therefore in itia lly  postulated that a w ater molecule might be datively coordinated to 
the Mo trans to  C13. However, no H ’s could be decisively located near the O (Fig. 1-5).
[PPh4]+2 c i-
c f
IH 2 Mo— Cl- C l
Cl
2 -
2 CH 2C12
Figure 1-5. A line drawing showing the suggested datively bonded water molecule.
Electronic, ESR, IR, and XANES spectra fo r this compound (complete results to 
be published elsewhere) are similar to those fo r other M ov compounds. Refinement was 
therefore attempted fo r an M ov model w ith  n = l, M ovOCls2', by Professor Andrew 
Maverick. In  this tria l structure, the C13 position is half-occupied by Cl and half­
occupied by O. The thermal parameters Beq fo r C13 and O are nearly equal, and the
e -j
largest residual electron density is 1.39 e A . This residual density is located 
approximately 0.5 A from the Mo position. Figure 1-6 is an Ortep plot that shows the 
M ovOCls2' anion. The size o f the M o thermal ellipsoid and the orientation o f its long 
axis nearly along the M o-C l3/0 vector suggest that the Mo may be displaced slightly out 
o f the equatorial C l4 plane. It could possibly occupy tw o different, but unresolved,
26
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
positions as a result o f disorder. Further, the O might occupy the C ll and C12 positions 
w ith  smaller partial populations than the 50-50 proposed fo r the C13/0. However, 
“ attempted refinement o f more complex disorder models led to no significant 
improvement in the fit o f the data.” 23
O l
Cll C12
M o
C13
Figure 1-6. The anion of (PPh4)2[MovOCIs] ‘2CH2CI2.
Table 1-7. Crystal Data for (PPh4)2[MovOCl5] 2CH2C12
C50H46CI9MoOP2 M oK a radiation
1139.89 A. =  0.71073 A
T ri clin ic Cell parameters from 25
PI reflections
a =  10.1313(5)A 0 =  1-25.00°
b =  11.1821(5) A =  8.109 cm '1
c = 12.4072(9) A T =  296 K
a  =  70.516(5)° Rectangular plate
P =  79.494(5)° 0.125 x 0.125 x 0.25 mm
y =  80.931(4)° Pale yellow  
(table continued)
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V =  1295.8(1) A3 
Z =  I
Dx = 1.461 M g m'3 
Dm = not measured
Data Collection
Enraf-Nonius CAD-4 
diffractometer 
0/20 scans
Absorption correction: none 
5933 measured reflections 
4563 reflections w ith 
1 > Oct (I)
Refinement
Refinement on F 
R = 0.159 
wR =  0.059 
S = 1.684 
4563 reflections 
291 parameters 
A ll H  atoms refined 
w = 4FQ2/[CT2(f02)
+ 0.0004Fo4] 
(A/CT)max = 0.009
R ^  0.060 
6m ax = 25 °
/z = 0 -> 13 
k — -13 -> 14 
/ = -15 -> 15 
3 standard reflections
frequency: 120 minutes 
intensity decay: 0.5%
APmax = 1-718 e A'3 
APmin= -0 .2 0 4 e A -3 
Extinction correction:
isotropic (Zacharaisen, 
1963)
Extinction coefficient:
1(5) x 10'®
Scattering factors from Inter­
national Tables fo r  X-ray 
Crystallography (Vol. IV )
Data Collection: CAD-4 Operations Manual (Enraf-Nonius, 1977). Cell 
refinement: CAD-4 Operations Manual. Data reduction: PROCESS M olEN  (Fair, 
1990). Program(s) used to solve structure: direct methods M U L TAN%0 (Main, et. al., 
1980) Program(s) used to refine structure: LSFMMolEN. M olecular Graphics: 
ORTEPll (Johnson, 1976).
1.8 CONCLUDING REMARKS
In addition to the five successful refinements for the structures reported above, 
three unsuccessful refinements were attempted on non-stoichiometric mixed metal 
oxides. A  cryogenics analysis was attempted at 120K fo r the compound Ba(K )B i03.
28
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Additionally, analyses at ambient temperature were attempted fo r two different samples 
o f Ba(K)Pb03.
Dr. Patrick Kolniak eventually solved the structure o f B a(K )B i03. His results are 
reported in his doctoral thesis.35 The analysis o f the barium plumbate samples did not 
culminate as routine crystallographic structure refinements. The analyses o f these two 
barium plumbate samples constitute the remainder o f this dissertation.
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CHAPTER TWO
BARIUM PLUMBATE AND THE PEROVSKITE STRUCTURE
2.1 INTRODUCTION
Barium plumbates have been studied extensively over the past 42 years, prim arily 
because o f their interesting electronic properties. O f greatest interest is their behavior as 
high-Tc superconductors. Numerous studies have been undertaken to elucidate the 
structure o f barium plumbates using the techniques o f powder diffraction24,25’26’27, neutron 
diffraction2®’29, and high resolution X -ray and neutron diffraction30’31. However, to date, 
no single crystal X-ray diffraction structures have been reported.
The earliest structural inform ation fo r BaPb03 was reported in 1958 by Wagner 
and Binder.24 They collected X -ray powder diffraction data fo r BaPb03 as part o f a 
study o f the binary system BaO - Pb02. They stated that ‘"barium metapIumbate(IV), 
BaPb03, crystallizes in the cubic system o f perovskite and it has the lattice constants
a — 4.26S A, Z  =  1, and dr = 8.40 g/cm3.” 24 
Early investigations into the electrical properties o f BaPb03 were reported by 
N itta25 and also by the team o f Ikushima and Hayakawa26 in 1965. A t that time barium 
plumbate was described as “ a new type semiconductor o f perovskite structure,” 25 and “ a 
new conductive ceramic.” 26 In  1969, Shuvaeva and Fesenko reported a “ perovskite 
structure with monoclinic distortion o f the cell”  for BaPb03 resulting from a powder X - 
ray diffraction study.27 They further called the monoclinic distortions “ distortions o f the 
crumpling type.”
30
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Subsequent studies to determine the structure o f barium plumbates have given 
inconsistent results. In 1976, Thornton and Jacobson reported the structure fo r the 
“ orthorhombic perovskite BaPb03 at 4.2 K .” 28 They used a profile analysis o f powder 
neutron diffraction data. They reported that “ the structure belongs to space group Imma 
and not to Pbnm found fo r many other orthorhombic perovskite systems.” 28 Fu and Ijdo 
used neutron powder diffraction in 1995 to arrive at an orthorhombic structure in space 
group Ibmm.29 R itte r and Ihringer used high-resolution X-ray diffraction in  conjunction 
w ith neutron diffraction to arrive at the monoclinic space group I2/m in 1989.30 Then, in 
1990, Ihringer collaborated w ith  Maichle, Prandl, Hewat, and W roblewski to determine 
the crystal structure o f the ceramic superconductor BaPb0 7SBio ^ O j. They used a high 
resolution powder diffractom eter w ith a synchrotron radiation source to  obtain a fu ll 
neutron powder pattern. They reported that “ the ceramic superconductor is monoclinic 
at T<430 K  w ith  space group I2/m .” 31 The one common denominator fo r all o f these 
studies is that the structure reported is a slight distortion o f the perfect cubic symmetry 
o f the ideal perovskite structure. Following a discussion o f the ideal perovskite 
structure, the four most common distortions to perfect perovskite symmetry (and their 
causes) w ill be presented.
2.2 THE ID E AL PEROVSKITE STRUCT! 7RF.
Theoretically, BaPbOj is predicted to crystallize w ith the perfectly cubic 
symmetry (Pm3m, Space Group No. 221) o f the ideal perovskite structure. The mineral 
named “ perovskite”  has the chemical formula C aTi03, but the ideal perovskite structure 
is exemplified by the mineral S rT i03. Strontium titanate is kno wn as the aristotype o f
31
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the perovskite family. The prefix “ aristo-”  is derived from the Greek word fo r “ best,”  
referring to  the symmetry; the aristotype is the most symmetrical member o f the fam ily.32 
Other members o f the fam ily which possess low er symmetry are called “ hettotypes.”  
(Greek prefix meaning “ inferior.” ) Some examples o f perovskite hettotypes include 
CaTi03, B aT i03, ECCuF3, and CsGeCl3. (The barium plumbate samples analyzed fo r this 
dissertation are also apparently perovskite hettotypes.)
In  general, structures that belong to  the same structure type display a one-to-one 
correspondence between all their atoms, and between all their interatomic bonds. The 
special features common to the members o f the perovskite aristotype are summarized 
below.
Table 2-1. The Common Features o f the Perovskite Aristotype
General Formula: A B 03
Lattice: Primitive cubic
Dimensions: a= 4 A
Space Group: Pm3m (No. 221)
Formula Units: 1 per unit cell
A tom ic coordinates (first choice o f orig in):
B in 1 (a): 0,0,0
A  in 1(b): 1/2,1/2,1/2
O in 3 (c): 1/2,0,0
The other tw o oxygen atoms lie in positions 0,1/2,0; and 0,0,1/2.32 On the next page, 
Figure 2-1 shows the unit cell, and Figure 2-2 shows a projection o f the unit cell onto the
(001) plane. Figure 2-3 emphasizes the framework o f the B0S octahedra and the 
position o f the A  cation in the central cavity.
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Fig. 2-1. The perovskite unit cell. 
A=hatured circle in center
Fig. 2-2. Unit cell projected onto 
the (001) plane
B=small, dark circles 
X=open circles
Each B cation is coordinated to  6 oxygen atoms, and each A  cation is 
coordinated to  12 oxygen atoms. Figure 2-3 shows how a framework o f BOfi octahedra 
share corner oxygens, and how the A  cation resides in the cavity between the octahedra. 
The octahedra are isometric, parallel, and equally spaced along the three axes. Ideally 
the A  cation should be comparable in size to the oxide anion (rQ =  1.32 A).
Fig. 2-3. Perovskite framework octahedra. The A cation is in the central cavity; 
the B cations are the dark circles in the center of the octahedra; and the X anions 
are not explicitly shown , but are located at the vertices of the octahedra.
The length o f a unit cell edge is provided by the B-O -B bond length and can be 
expressed by the equation: a = 2(rB + ro)- This relationship restricts the size o f the
33
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cavity and, therefore, the size o f the A  cation that w ill fill the cavity. I f  the A  cation 
adheres to Goldschmidt’s packing principle (the number o f anions surrounding a cation 
tends to  be as large as possible, subject to  the condition that all the anions touch the 
cation), then the follow ing equations are descriptive:
(rA +  ro)str = ( ^ a  = /2 ( rB + rQ)str (Eqn. 2-1)
where the subscript “ str”  refers to  the fact that the radii to be used in the equation are 
those actually found in the structure. The final form o f this equation, which can be used 
to predict the likelihood that a structure w ill or w ill not occur as a perovskite hettotype, 
is:
1.10 (rA + rQ) =  t  \/2 (rB +  rQ) (Eqn. 2-2)
where 1.10 is a correction factor fo r 12-fold coordination, and t  is the Goldschmidt’s 
tolerance factor. Perovskite structures fo r A B 03 compounds exist i f  t is approximately 
equal to 1.
Table 2-2. Select Ionic Radii in A
G P A
K+ 1.33 1.33 1.33
Ca2+ 1.06 0.99 0.99
Sr2-*- 1.27 1.13 1.12
Ba2+ 1.43 1.35 1.34
Ti4+ 0.64 0.68 0.68
Pb4+ 0.84 0.84 0.84
34
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2-2 contains the Goldschmidt, Pauling, and Ahrens radii o f a few cations to 
illustrate how the value o f t  is useful fo r predicting the occurrence o f perovskite 
structure. Using the Goldschmidt radii from  Table 2-2 in the Goldschmidt equation 
(eqn. 2-2), values o f t  have been calculated fo r SrTiO j (the perovskite aristotype),
C aTi03 (the mineral named perovskite), and BaPb03 (the compound analyzed fo r this 
dissertation). These t values are tabulated below.
Table 2-3. Calculated Goldschmidt Tolerance (t) Values
Compound t Comment
S rT i03 1.03 aristotype
CaTiOs 0.94 hettotype
BaPb03 0.99 reported hettotype
Note that for barium plumbate the value o f t  is calculated to be 0.99, very close 
to 1. Wagner and Binder’ s report o f a cubic perovskite structure fo r BaPb03 is 
reasonable, because applying Goldschmidt’ s packing principle and using Goldschmidt 
ionic radii in the equation 1.10 (rA + rQ) = t \/2(rB + rQ) gives a tolerance value, t, o f 
0.99. This value is extremely close to  1.00. The perovskite structure is observed (and 
expected) fo r compounds w ith  a value o f t  very close to 1. However, Wagner and 
Binder’s is the only report o f an aristotypical perovskite structure for barium plumbate. 
A ll other structures reported fo r BaPb03 have been perovskite hettotypes.25,26’27,28,29,30,31 
Nevertheless, no structure has yet been reported fo r barium plumbate based on single 
crystal X-ray diffraction data. W ith the difficulties encountered along the way to 
completing this dissertation, it is understandable that the single crystal XRD structure 
has proved so elusive.
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Because a discussion o f the distortions to the ideal perovskite structure is 
presented in the next section, to summarize the characteristics o f the aristotype o f the 
perovskite fam ily is useful at this point. These characteristics are: a parallel (o r nearly 
parallel) fram ework o f BOs octahedra w ith comer-shared oxygen atoms; a repeat (o r
o
pseudorepeat) distance o f approximately 4 A; a large enough A  cation to fit  snugly into 
the cavity between the linked octahedra and enjoy 12-fo ld coordination; and the 
satisfaction o f valence and charge requirements. The plumbate samples investigated fo r 
this dissertation seem to grossly satisfy these four requirements.
2.3 DISTORTIONS TO THE ID E AL PEROVSKITE STRUCTURE
The cubic perovskite structure has the general formula A B X 3. Strontium 
titanate, S rT i0 3, the perovskite aristotype, is a very simple structure (Fig. 2-4). It 
consists o f a fram ework o f comer-linked TiO fi octahedra and a large Sr2" cation in the 
central cavity. (The central cavity itse lf is the same size as the O2' anion.) However, 
precisely because the structure is so simple, it  is also very rigorous. It only has one 
variable parameter — the unit cell edge a. Therefore, i f  A, B, and X  vary from  their ideal 
relative size requirements, the aristotype’s cubic structure descends in symmetry to a 
hettotype.
Figure" 2-4. Strontium titanate emphasizing the TiOs octahedra and the A site 
cavity. The small dark circles represent O, Sr is in the center, 
and the Ti are at the centers of the octahedra.
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Megaw reports three different kinds o f distortion to the ideal perovskite structure 
that result in the majority o f the important perovskite hettotypes.32 Additionally, M egaw 
emphasizes that the m ajority o f important perovskite hettotypes result from  the 
displacement o f atomic positions instead o f any systematic substitution processes.
(1) A  distortion where the 3Q group that surrounds the B cation may become 
distorted in shape; say, from  an octahedron to a tetragonal bipyramid.
(2) A  distortion where the Xg group remains a regular octahedron, but the B 
cation may be displaced from  its central position.
(3) A  distortion where the BXg octahedra maintain their octahedral shape, but 
they may tilt relative to one another. T ilting  o f the BXg octahedra reduces the size o f the 
cavity that the A  cation occupies.
Hyde and Andersson also report three kinds o f distortions to the ideal perovskite 
structure.33
(4) A  distortion where the B cation is slightly too small fo r BX^ coordination.
(5) A  distortion where the B cation is large enough for BXg coordination and th.e 
BXg octahedra tilt. Perovskite hettotypes that experience this distortion predominantly 
fall into one o f four structural families: cubic space group Im3, rhombohedral space 
group R3c, tetragonal space group 14/mmm, and orthorhombic space group Pnma.33
(6) A  distortion where the B cation is large enough for BX6 coordination and tw o  
new, different-sized A  sites are created. Both o f the new A  sites, A ’ and A ” , are 
different from the original A  site. A ’ sites are larger than A  sites, and they constitute 
approximately 60% o f the total new sites. The A”  sites are smaller than A  sites. They
37
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
constitute approximately 40% o f the total new sites; and they are frequently not 
occupied.
D istortion 2 (Megaw) is the same as distortion 4 (Hyde and Andersson), and 
distortion 3 (Megaw) is the same as distortion 5 (Hyde and Andersson). Megaw 
mentions distortion 6, but she considers it to be o f minor importance. D istortion 1 is not 
even mentioned by Hyde and Andersson, even though Megaw considers it  to be very 
important. (This is surprising, because Hyde and Andersson pattern part o f their 
discussion based on Megaw’s text.) Each distortion w ill be discussed brie fly below.
2.3.1 D istortion 1
Megaw reports that large distortions o f the B3Q octahedra can result due to 
“ nonoctahedral covalent bonds”  between B and X . For example, Cu2+ w ith  6-fo ld  
coordination tends to form  a tetragonal bipyramid w ith elongation along the tetrad axis. 
Another cause o f distortion to the BXg octahedra she reports is the “ pronounced 
covalent character in the bonds”  between A  and X .32 The X6 group around the B cation 
may then become distorted in shape. When Pb2+ occupies the A  site, it distorts the 
octahedron from  the outside. These distortions can become very complicated and are 
d ifficu lt to  predict, but they can be explained by treating the electron clouds as 
deformable entities rather than as rig id spheres.
2.3.2 D istortions 2 and 4
When the B cation is slightly too small fo r BX6 coordination, it  may move 
slightly away from its central position in the octahedron. Nevertheless, in this distortion 
the cation does not “ rattle” ; i.e., it “ does not move freely over the larger space available
38
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to it  inside its [octahedron] o f X ’s.” 32 I t  is simply located at a particular site that is not 
the geometrical center o f the octahedron. Further, the 3Q octahedron itse lf is not 
distorted; it remains a regular octahedron. This distortion can also be explained by 
recognizing that the electron clouds can deform as they pack together, rather than 
packing as non-deformable spheres. For this distortion, Goldschmidt’s tolerance factor, 
t, is greater than one (t >  1, calculated using equation 2-2). Further, hettotypes w ith this 
structure are polar. Examples o f perovskite hettotypes w ith this type o f distortion 
include tetragonal and orthorhombic B aT i03, as well as rhombohedral CsGeCI3.
2.3.3 Distortions 3 and 5
For this distortion, Goldschmidt’ s tolerance factor is less than one (t < 1, eqn. 2- 
2), and B is large enough fo r BXg coordination. Therefore the BXg octahedra 
themselves are not distorted. However, because the A  cations in this hettotype may be 
slightly too small fo r 12-fo ld  coordination, the BXg octahedra tilt  relative to  one another. 
This tilting  reduces the size o f the cavity that A  occupies. Megaw observes that 
hettotypes w ith tilted  BX<; octahedra must have multipartite unit cells.32 She also 
mentions specific rhombohedral (LaA103) and orthorhombic (C aT i03, the mineral named 
perovskite) examples o f this type o f distortion. Hyde and Andersson take their 
discussion a step further by actually specifying three hettotype families that result from 
this distortion: cubic Im3, trigonal R3c, and orthorhombic Pnma. (The latter family is 
that o f the classic “ orthorhombic perovskites,”  including the hettotype C aT i03.) 
(Curiously, Hyde and Andersson mention a fourth fam ily — distortions that exhibit 
tetragonal I4/mmm symmetry — but then do not develop the idea further, nor do they
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provide any specific examples. Megaw does not mention any tetragonal examples in 
association w ith this distortion.)
2.3.4 D istortion 6
For this distortion, t  > 1, and B is large enough fo r BXg coordination. The A  
sites fragment into A ’ and A ”  sites. Often the A”  sites are not occupied, and the 
resulting stoichiometry becomes A6(BO3) I0 o r A3B 5X 1S. This distortion is known as the 
tetragonal tungsten bronze (TTB) framework.33 Megaw refers to these as “ perovskite 
bronzes”  or the “ tungsten bronzes,”  and she provides an explanation for the non- 
stoichiometric composition o f these bronzes. I t  is that the octahedral B sites are 
randomly occupied by B cations that possess variable valency, like W"5 and W+6. 32
2.4 M IXED  M E TA L OXIDES AND PEROVSKITE HETTOTYPES
Mixed metal oxides are notorious fo r not satisfying aristotype requirements. 
Mixed metal oxide perovskite hettotypes illustrate this shortcoming perfectly. Even the 
actual mineral named perovskite, CaTi03, is not the perovskite aristotype. Very few 
combinations o f A, B , and O (X ) -  strontium titanate, SrTiO j, fo r example -  actually 
satisfy the stringent requirements o f the demanding perovskite aristotype.
Several factors that can result in perovskite hettotypes have been discussed in the 
preceeding section. These include B cations w ith multiple valences, A  and B cations that 
do not fit in their respective sites adequately, and even vacant A  sites. The earlier 
discussion o f these factors largely neglected tw o other possible causes o f distortion to 
the ideal perovskite structure. Both o f these causes o f distortion result in 
nonstoichiometric mixed metal oxides. They are:
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(7) the substitution o f one: cation for another, perhaps in a manner that could 
even be described as approaching systematic substitution (in  a process called doping); 
and
(8) the vacancy o f oxygen sites, which occurs when fewer anions are required to 
maintain the charge balance o f th e  structure.
2.4.1 Doping
The process o f doping entails purposely replacing one cation in a structure w ith  a 
very small amount o f another cation. The cation that is added in a very small amount can 
be called the dopant. The dopant can essentially be thought o f as an im purity in the 
structure, but it is an intentional im purity. Ideally, the addition o f the dopant w ill be 
better than just a random replaceiment. Perhaps the replacement pattern w ill almost 
become system atic.
Doping is employed to intentionally alter the surface (electron transfer), optical, 
magnetic, and electronic properties o f materials — especially mixed metal oxides. 
Impurities such as dopants have been credited w ith altering structures as w ell, and they 
play a role in causing the distortioms that cause aristotypes to  descend in symmetry to 
hettotypes.
2.4.2 Oxygen Site Vacancies
Oxygen site vacancies can be a primary cause o f  structural disorder. Vacancies 
in these sites can also cause distortions to the ideal perovskite structure. Oxygen 
vacancies typically result when crystals are formed too rapidly, a common problem. 
(Annealing is one procedure that vras developed to try  to  replenish missing oxygen
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atoms.) Many nonstoichiometric mixed metal oxides suffer from oxygen depletion, and 
are therefore disordered solids. One possible solution to minimizing, or even preventing, 
oxygen site vacancies is to establish a procedure that would allow the crystals to  grow  
very slowly in  an oxygen-rich environment. Advances have been made in this area over 
the past 15 years, and they w ill be outlined in the next chapter.
2.5 BartQ BiO , -  A  NONSTOICHTOMETRIC M IX E D  M ETAL PEROVSKITE
2.5.1 Comment
Early samples o f potassium-doped barium bismuthate provided by Michael 
N orton at Marshall University were too disordered to be analyzed successfully via single 
crystal XRD. Norton had powder diffraction data fo r his material that indicated 
perovskite structure.34 Ambient temperature analyses were attempted fo r N orton’s 
samples by P. Kolniak at the LSU X-ray Crystallography Structure Laboratory; the 
structure could not be solved. Additionally, this author attempted a cryogenic analysis o f 
N orton ’s material at 120K. Unfortunately, the sample subjected to the cryogenic 
analysis was too disordered; and the attempted refinement and solution o f a crystal 
structure was not successful.
A t that time, Kolniak expressed an interest in pursuing a successful refinement 
fo r the structure o f B a (K )B i03. His attempts were ultimately successful. The results o f 
his success are presented in his doctoral dissertation35, and they are summarized below.
2.5.2 Experimental
Samples o f the black, ceramic, suspected high-Tc superconductor B a(K )B i03 
were grown by Norton and Tang using the molten salt anodic electrocrystallization
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method that they pioneered.34 A lthough they were able to  obtain powder diffraction data 
fo r the ir material — indicating a perovskite aristotype structure w ith  Pm3m symmetry34 — 
a crystal structure could not be solved fo r samples subjected to  single crystal XRD at the 
LSU X-ray Crystallography Structure Lab. This lack o f success led P. Kolniak to 
develop and implement his own technique o f  electrosynthesis in a molten KOH flux. The 
details o f his technique are described in his dissertation.35 The end result was his 
successful grow th o f crystals suitable fo r single crystal XRD analysis. In  his dissertation 
he reports a cubic structure in the space group Pm3m w ith  a  =  4.2948(3)A  at 294 K  fo r 
the nonstoichiometric mixed metal perovskite Ba<j jgKo 42B i0 3. 3458 reflections were 
collected fo r a hemisphere o f data, and these were averaged together to  get a set o f 212 
unique reflections. A  fu ll-m atrix least-squares refinement w ith  7 variables converged to  
=  0.038. A tom ic positions are shown as 60% probability thermal ellipsoids in Figure
2-5. He further reports that both Ba and K  occupy the A  cation site; and that the B 
cation site is mixed valent, w ith B i3+ and B i5+ both present.
B i.
Figure 2-5. The Ba0 58Ko 42B i03 unit cell with thermal ellipsoids shown at 60%
probability.
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2.5.3 Analysis o f the Reported Structure
The symmetry that Kolniak reports, Pm3m, is that o f the perovskite aristotype. 
However, the occupation o f the A  site by both Ba and K  suggests the possibility o f type 
3 (and 5) distortion. Further, variable valency o f the same atom type in the B site 
suggests the possibility o f type 6 distortion. Apparently, the nonstoichiometric mixed 
metal oxide B0 jgKo 42B i0 3 is one o f the exceedingly rare structures that satisfies all the 
stringent requirements o f the A B 0 3 perovskite aristotype. Stated explicitly, those 
requirements include a parallel framework o f BOfi octahedra; a repeat diatance o f ~4 A; 
an A  cation large enough to f it  snugly in the cavity and enjoy 12-fold coordination; and 
the satisfaction o f valence and charge requirements.
One unstated requirement must also be met — that o f a proportionally correct 
ratio o f A B .X  radii. Apparently Kolniak’ s sample also satisfies this requirement, since 
the solved structure does not exhibit the distortions that could possibly have been 
present. Nevertheless, it may be instructive to point out that the thermal ellipsoids o f 
Ba/K and B i are nearly perfectly circular, while those o f the oxygens are essentially 
oblate spheroids. This slight elongation o f one axis o f each oxygen thermal ellipsoid 
might indicate minor displacement o f the oxygens. Alternatively, since crystal structures 
represent the average atomic arrangement over the entire single crystal, it may be 
possible that all the distortions average together in such a way as to cancel each other 
out. Hence, the average structure shows no net distortion.
Another possible explanation fo r the perovskite aristotype Bao 5^  42B i0 3 relates 
to Megaw’s explanation o f how B cations can be slightly off-center in the BX^ octahedra
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(distortions 2 and 4), even though the octahedron itse lf is not distorted. Kolniak’ s 
material might have the oxygens slightly displaced from  their cental positions, but the 
overall structure its e lf is not distorted. Perhaps the deformability o f the electron clouds 
allows the oxygen atoms to  sit slightly off-center from  their ideal positions, and so the 
aristotype does no t descend in symmetry to a hettotype.
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CHAPTER THREE
ELECTROCRYSTALLIZED BARIUM PLUMBATE
3.1 INTRODUCTION
The earliest samples o f barium plumbate were prepared by a labor- and time­
intensive process o f sintering and annealing B a02 and Pb02 in an oxygen rich 
environment at extreme temperatures.24,25’26,27 Although this process gave BaPb03 that 
was single-phase, it did not yield single crystals. Therefore, the early barrier to single 
crystal XRD structure determination fo r BaPb03 was lack o f a method that could 
produce single crystals. That changed in the early 1990's.
The samples o f Ba(K)Pb03 fo r which data are presented in this dissertation were 
grown via the molten salt anodic electrocrystallization method by M ichael L. N orton at 
Marshall University.34 N orton’s method provides an opportunity fo r the grow th o f single 
crystals. The material is electrolytically deposited onto a silver electrode from  a melt 
containing barium, plumbate, and possibly potassium ions. His research group originally 
synthesized and studied B aB i03; and, when superconductivity was indicated by samples 
o f the bismuthate, they synthesized the plumbate. Their samples o f barium bismuthate 
exhibited perovskite structure and symmetry, and they expected the plumbate’s structure 
to  refine w ith perovskite structure and symmetry as well. Section 2.5 describes 
innovative improvements made to N orton and Tang’s method that were implemented by 
D r. Patrick Kolniak. Dr. Kolniak’ s method allowed him to grow crystals o f potassium- 
doped barium bismuthate that were suitiable fo r single crystal XRD analysis. He refined
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a crystal structure forBao sgK ^B iO j that proved it  to have the perovskite aristotype 
structure w ith  perfect Pm3m symmetry.
Two samples o f Ba(K)Pb03 were ultim ately selected from several samples 
provided by Norton, diffraction data were collected, and structure refinement was 
attempted on each o f them. Hereafter in this dissertation, these two samples w ill be 
distinguished from  each other by being referred to as Crystal 1 and Crystal 2. Neither 
sample refined satisfactorily w ith the perovskite aristotype structure model, and the 
details o f the individual difficulties encountered are presented in this chapter. Also, the 
details o f the unsuccessful standard procedures attempted to arrive at a correct structure 
w ill be discussed in this chapter. The software used to refine the structure is a set o f 
several programs known collectively as the Structure Determination Package, SDP.
3.2 THE PSEUDO CTJBTC PROBLF.M
Both samples o f barium plumbate that were subjected to single crystal XRD 
analysis suffered from the same problem: both displayed pseudo cubic symmetry. That 
is, the lattice constants that resulted from  the least squares refinement o f the in itia l 
tw enty-five high-intensity and well-distributed reflections were cubic w ithin experimental 
error; but refinement o f the crystal structure indicated that not all o f the 48 symmetry 
operations o f a cube were present in these samples. Table 3-1 below provides the lattice 
parameters. The symmetry o f the intensity pattern was also very nearly m3m. This cubic 
symmetry is consistent w ith the theoretical treatment o f BaPbOj presented in Chapter 2, 
and was therefore expected. However, data reduction and subsequent averaging o f 
intensities did not conculsively prove a cubic structure fo r Crystal I nor fo r Crystal 2.
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Table 3-1
Lattice Parameters for the two Barium Plumbate Samples
Crystal 1 C rysta l 2
a 4.2682(3)A 4.2702(4)A
b 4.2687(3)A 4.2695(5)A
c 4.2684(5)A 4.2709(3)A
o c 90.018(1)° 89.996(1)°
p 89.988(1)° 90.000(1)°
Y 90.027(1)° 90.012(1)°
V 77.76(1)A3 77.86(1)A3
The averaging process is carried out using one component o f a modular set o f 
computer programs called the Structure Determination Package (SDP). (SDP is 
provided by Enraf-Nonius w ith  the CAD4 diffractometer.) SDP first provides data 
reduction through Lorentz, polarization, and absorption corrections to the raw intensity 
data. SDP then averages all symmetrically equivalent intensities using a program named 
AVERAGE. (An earlier version o f AVERAGE was called PAIN T — Program to 
Average INtensities Together.) The intensities that are symmetrically equivalent are 
determined by the crystallographer’s choice o f crystal class, or point group. The data fo r 
both Crystal 1 and Crystal 2 were first averaged in the cubic class m3m (Oh.) This is the 
crystal class o f highest symmetry, and this class was chosen on the basis o f the cubic 
lattice parameters (Table 3-1) and the nearly m3m symmetry o f the intensity pattern.
The primary measure that indicates the correctness o f the choice o f crystal class for
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averaging is the R  facto r after averaging, R ,^,. R^, is an internal “ reliability index”  whose 
value indicates the precision o f the intensity data. It is calculated by the equation
E  E  < /(H )> -/(H ),
H i=l
= ---------------------------------- (Eqn. 3-1)
E  E  f(H ) i
H i —1
where /(H ); is the ith  measurement o f reflection H, < /(H )>  is the mean value o f all the 
intensities averaged together, and the summation extends over all the reflections in the 
set. Acceptable values o f R ^  usually range from = 0.08 to  R ^  = 0.05 (±8% to ±5% 
precision), but must be below 0.010 (±10% ). The R^, values fo r both crystals were 3 to 
5 times the acceptable values, indicating that the intensities were not being correctly 
averaged in the m3m class. Therefore, averaging o f intensities was attempted in the 
centrosymmetric (and, later, the non-centrosymmetric) classes fo r all 7 crystal systems. 
The results o f averaging are presented in Table 3-2 fo r Crystal 1 and in Table3-3 fo r 
Crystal 2, and w ill be discussed in greater detail in the the next tw o sections. For now, it 
is sufficient to point out that the lowest values o f R ^ occurred fo r both crystals in the 
monoclinic crystal system. This means that the lattice constants and intensity patterns 
were not tru ly  cubic, but rather were pseudo cubic.
To further complicate the process o f elucidating correct structures fo r the two 
crystals, the refinements o f tria l structures actually converged best fo r stuctures in cubic 
space groups. This is indicated by R  factor after refinement values (R v1d) that were 
lowest fo r cubic space groups fo r both crystals. This apparent discrepancy — that the
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best R;,,, values resulted fo r the monoclinic crystal system while the best values 
resulted fo r cubic class space groups -- indicates that SDP may not have the necessary 
tools to elucidate the structures o f these samples. That is, the task o f determining the 
structure fo r these two samples o f barium plumbate w ill require a more thorough and 
more rigorous statisical analysis o f the intensity data.
3 3 CRYSTAL 1
The intensity data fo r the firs t crystal investigated were in itia lly  averaged in the 
m3m (O,,) class. The lattice constants (Table 3-1) indicated a cubic crystal w ith  the 
highest possible symmetry, and the lack o f systematic absences in  the intensity data 
indicated a prim itive lattice (in contrast to a face-centered or body-centered lattice.) 
Another way o f stating that a prim itive lattice is one whose intensity d iffraction pattern 
shows no systematic absences is to say that “ no special reflection conditions exist.”
In the m3m class, up to 48 intensities can be symmetrically equivalent. That is, 
ideally, the position in the unit cell where the intensity is being reflected from  should be 
identical to 47 other positions in the unit cell. Symmetry operations applied to the unit 
cell bring the symmetrically equivalent positions into coincidence w ith each other. (The 
48 symmetry elements o f a cube w ith  Pm3m symmetry are presented in Appendix A.) 
The 48 symmetrically equivalent intensities are averaged together by the PA IN T or 
AVERAGE program in SDP. I f  the correct crystal class has been chosen, the R  factor 
after averaging, should be less than 0.100 (10.0%). The R factor after averaging 
was 0.250 (25.0%), indicating that perhaps m3m was the incorrect choice o f crystal 
class.
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One o f the basic tenets o f crystallography is to always average the intensity data 
in the highest possible crystal class. The logical starting point fo r these intensity data 
was m3m. However, because o f the poor value for averaging in the m3m class, 
averaging should next be tried in the crystal class with the next highest symmetry. That 
class is m3 (T,,). The R  factor after averaging in the m3 class was 0.248 (24.8%). An 
Rjnt value this high indicates that the wrong point group has been chosen fo r averaging.
A t this point, averaging had been attempted for both cubic classes w ith Laue 
Symmetry — the cubic Laue Classes Oh and Th. The Laue classes are the eleven 
centrosymmetric point groups -- 2 each in the cubic, hexagonal, trigonal (rhombohedral), 
and tetragonal crystal systems, and one each in the orthorhombic, monoclinic, and 
tric lin ic  crystal systems. (The Laue classes are in bold typeface in Tables 3-2 and 3-3.) 
These unexpected results obtained after averaging the data in the cubic Laue classes led 
to a re-examination o f the unit cell parameters themselves.
A  Student’s t-test was performed fo r the length (a) and angle (a) dimensions o f 
Crystal 1. The average length was calculated to be 4.2684 ±  0.0003 A and the average 
angle was calculated to be 90.01 ±  0.02°. This information suggested that perhaps this 
crystal was rhombohedral — a  =  4.2684 , a =  90.01° = 90.00° *  90.00°. Therefore, 
averaging was next attempted in the R3m and R3 Laue classes. R ^ values o f 0.239 and 
0.232, respectively, were obtained. Here, too, R ^ values this high suggest that 
averaging is being performed fo r the incorrect crystal class.
A fter the lack o f positive conclusive results for averaging in the cubic and 
rhombohedral Laue classes, averaging was attempted in all Laue classes w ith prim itive
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unit cells (except the hexagonal Laue classes.) Then, when R^t was not less than 0.100 
in any o f the other Laue classes, averaging was attempted fo r the noncentrosymmetic 
crystal classes that had prim itive lattices. The results o f this averaging are compiled in 
Table 3-2. For Crystal 1, averaging in the noncentrosymmetric monoclinic class P2 
resulted in the most nearly acceptable value, w ith  R^, =  0.109 (10.9%). Although 
this R ^  value is close to 0.100, it is still greater than 0.100; and so it is still not entirely 
acceptable.
Close scrutiny o f crystallographic quantities other than the unit cell parameters 
showed an unusually high absorption coefficient o f 10632 fo r this sample. Physically, this 
large value indicates that the sample absorbs at (o r near) its surface a large amount o f the 
incident X-ray beam. Such absorption prevents the X-rays from  being diffracted from 
the interior o f the crystalline lattice, so data representative o f the bulk structure may not 
be observed. Consequently, it was postulated that a smaller or thinner fragment might 
allow fo r a more representative data set to be collected. A  smaller chip was selected and 
data collection commenced.
3 4 CRYSTAL 2
Crystal 1 was selected because it was nearly perfectly cubic in shape. 
Unfortunately, this nearly ideal shape may have contributed to the extremely large 
absorption o f the X-rays by the crystal. This large absorption o f X-rays by Crystal I may 
have, in turn, contributed to some o f the difficulties encountered during the averaging 
and refinement processes. Therefore, Crystal 2 was selected because it was extremely 
small. The smaller size was expected to help reduce the absorption o f X-rays, thereby
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providing a data set o f  intensities that were more tru ly  representative o f the bulk 
structure.
As was true fo r Crystal 1, the lattice parameters fo r Crystal 2 indicated a 
perfectly symmetrical cubic structure o f highest m3m symmetry (Table 3-1). Also, the 
lack o f any systematic absences in the diffraction pattern indicated a prim itive unit cell 
fo r Crystal 2. Therefore, fo llow ing the dictum o f averaging in the crystal class o f highest 
possible symmetry, the intensity data were averaged in the m3m class. In m3m the = 
0.200 (20.0%), which was closer to  0.100 than the fo r Crystal 1. This suggests that 
the thinner sample (Crystal 2) probably was absorbing less o f the X-radiation, and this 
resulted in better internal agreement for the data. However, R ^  = 0.200 was still not 
completely satisfactory.
Averaging was then performed in 8 o f the other 11 Laue classes (not in the 
hexagonal system). The results o f the averaging processes are compiled in Table 3-3. 
The Laue classes are shown in bold typeface; the noncentrosymmetric classes are not. 
The firs t important point to be made about the results o f averaging in the Laue classes is 
that the best R ^ occurred in the monoclinic crystal system. This is the same result as 
was found fo r Crystal 1. The second important point to notice is that fo r the Laue 
classes, the best R ^ = 0.142; and this is s till significantly greater than 0.100. Therefore 
the best R^, was not satisfactory.
So, as was done fo r Crystal I, averaging was next performed fo r all prim itive 
crystal classes that were noncentro symmetric. These results are also included in Table 3- 
3. For the crystal class Pm (Cs), R^, = 0.059 (5.9%). This was the best R ^ obtained
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after averaging and it was less than 0.100. This value was finally acceptable. The third 
important point to note about the results o f averaging is that the best R^, occurred in a 
noncentrosymmetric crystal class, and not in a Laue class. This result suggests that there 
is not valid center o f symmetry in the structure fo r Crystal 2. And this fact calls attention 
to the fourth important point that needs to  be made about the results o f averaging fo r 
Crystal 2. Averaging in the noncentrosymmetric crystal classes -- cubic 23, 
rhombohedral 3 m and 3, tetragonal 4m2, 4mm, and 4, othorhombic mm2 and 222, and 
monoclinic m and 2 — gave significantly low er values than averaging in the Laue 
class(es) in the same crystal system. Taking note o f this fact fo r the results o f averaging 
fo r Crystal 2 caused a closer inspection o f the results o f averaging fo r Crystal I (Table 3- 
2). A  similar trend o f more acceptable R ^  values fo r averaging in noncentrosymmetric 
classes than in the Laue classes was also noticed fo r Crystal I; especially in the 
tetragonal, orthorhombic, and monoclinic crystal systems. (The value R ^ = 0.00 fo r 
averaging in class 1 (Cx) is obtained because no data are averaged together in this class.)
This fourth important point about the results o f averaging can essentially be 
explained in one o f two ways. E ither there tru ly  is no center o f symmetry in these 
samples o f barium plumbate, or anomalous dispersion is affecting the measured 
intensities. Anomalous dispersion (anomalous scattering) occurs most often when a 
heavy atom is present in the unit cell; and the wavelength o f the incident X-radiation is at 
and below, but also near, an absorption edge fo r that (heavy) atom. So when an atom in 
the unit cell absorbs the incident X-radiation, that absorption changes the phase o f the X - 
rays scattered by that atom relative to  the phase o f the X-rays that are scattered by other
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atoms in the unit cell. The greater the anomalous dispersion, the less like ly that the 
intensity pattern w ill be centrosymmetric. That is, the intensity pattern w ill not match the 
Laue pattern i f  there is excessive anomalous dispersion. By contrast, when there is no 
anomalous dispersion by an atom in  a structure, FriedeFs law applies. FriedeFs law 
states that there is a center o f symmetry in  the structure, and that the intensities o f the 
reflections hkl and hkl are (o r should be) identical. The occurrence o f anomalous 
dispersion in a structure causes the intensities o f the reflections hkl and hkl to d iffe r from 
each other, because a phase change due to absorption occurs.
In  barium plumbate, one heavy atom, Pb is present in  the structure. M o 
radiation w ith X =  0.71073A was used to collect the intensity data fo r this crystal. Thus 
the absorption problem fo r Crystal 2 was minimized experimentally by choosing as small 
a crystal as feasible, and by using the hardest radiation available in the LSU X-ray 
Crystallography Laboratory.
The lowest R ^ value was calculated fo r averaging in the Pm crystal class, and so 
a tria l structure was proposed fo r space group No. 6, Pm. The R factor after refinement 
(Eqn. 1-5) in the Pm space group was R ^  = 0.089 (8.9%). The residual R  value at the 
end o f refinement cycles is typically 0.050 (5.0%) or less. Therefore, the value R^td = 
0.089 was unacceptable after refinement in space group No. 6. Refinement was then 
attempted in several other space groups. The results o f the refinements are compiled in 
Table 3-3. Interestingly, the lowest R  factor after refinement, R ^  = 0.056 (5.6%), 
occurs fo r the centrosymmetric and perfectly symmetrical space group No. 221, Pm3m. 
This is the space group o f the perovskite aristotype. (In  Table 3-2, it  can be seen that
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the lowest R  factor after refinement, R ^  =  0.068 (6.8% ), also occurred in space group 
No. 221, Pm3m, fo r Crystal I.)
3.5 CONCLUDING REMARKS
The averaging and refinement results fo r the second crystal were closer to the 
expected R values than were the results fo r the original crystal. Therefore, the choice o f 
a smaller crystal seems to have resulted in more reasonable crystallographic data. 
However, the structure o f BaPb03 was s till not conclusively determined. Nevertheless, 
there were parallel results fo r both Crystal 1 and Crystal 2.
Both sets o f lattice constants indicated a perfectly cubic unit cell w ith  m3m 
symmetry (Table 3-1), and the diffraction pattern indicated a prim itive lattice because 
there were no systematic absences. For both Crystal 1 and Crystal 2, the best averaging 
results indicated a crystal o f monoclinic symmetry. However, the best refinement results 
were obtained fo r the originally anticipated Pm3m space group. These averaging and 
refinement data are compiled in Table 3-2 fo r Crystal 1 and in Table 3-3 fo r Crystal 2.
The apparent discrepancy in the results obtained for averaging 
(noncentrosymmetric monoclinic crystal structure) versus the results obtained fo r 
refinement (perfectly symmetrical Laue class cubic space group No. 221, Pm3m) point to 
the fact that SDP may lack the correct statistical tools to properly analyze the intensity 
data collected fo r these samples o f barium plumbate. So the task now shifts from  one o f 
routine averaging and refinement using a manufacturer-supplied set o f computer 
programs to one o f establishing a statistical method that can be applied to the corrected 
intensity data for Crystal 2. (The method w ill only be applied to Crystal 2 intensity data
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and not to that fo r Crystal 1, because the overall results were nearly identical fo r both 
crystals. Further, the results from  Crystal 2 were more acceptable than those fo r Crystal 
1, because Crystal 2 was thinner.) The question that must now be answered is: Can the 
statistical method that w ill be presented in Chapter 4 be used to definitively determine 
the space group o f this material?
57
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3-2
R values after averaging and after refinement for Crystal
SPACE HERMANN SCHOENFLEES ^INT
GROUP MAUGUIN SYMBOL (%)
NUMBER SYMBOL
CUBIC CRYSTAL SYSTEM
221 Pm3m oh 25.0
215 P43m Td 22.4
207 P432 O 24.3
200 Pm3 Th 24.8
195 P23 T 22.0
RHOMBOHEDRAL CRYSTAL SYSTEM
166 R32/m D3d 23.9
160 R3m Csv 21.0
155 R32 d 3 22.4
148 R3 Qji 23.2
146 R3 C3 19.0
TETRAGONAL CRYSTAL SYSTEM
123 P4/mmm I>4h 24.2
115 P4m2 Djd 21.5
111 P42m D2d 21.6
99 P4mm C4v 21.0
89 P422 D 4 23.5
83 P4/m c4h 23.0
81 P4 S4 16.8
ORTHORMBIC CRYSTAL SYSTEM
47 Pmmm D2h 23.4
25 Pmm2 Cav 16.6
16 P222 d 2 19.9
MONOCLINIC CRYSTAL SYSTEM
10 P2/m C21, 17.7
6 Pm Cs 12.7
3 P2 c2 10.9
TRICLINIC CRYSTAL SYSTEM
2 PI Q 18.1
1 PI c, 0.0
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f^W T D
(%)
6.8
7.3
9.6
11.8
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Table 3-3
R  values after averaging and after refinement for Crystal 2
SPACE HERMANN SCHOENFLIES R lnt
GROUP MAUGUIN SYMBOL (%)
NUMBER SYMBOL 
CUBIC CRYSTAL SYSTEM
221 Pm3m oh 20.0
215 P43m Td 19.7
207 P432 O 19.9
200 Pm3 Th 19.9
195 P23 T 19.3
RHOMBOHEDRAL CRYSTAL SYSTEM
166 R32/m D3d 18.8
160 R3m Cav 14.5
155 R32 D 3 18.2
148 R3 Q ji 18.5
146 R3 c3 13.3
TETRAGONAL CRYSTAL SYSTEM
123 P4/mmm D4h 19.0
115 P4m2 i^ 2d 16.9
111 P42m D,d 18.3
99 P4mm c4v 15.5
89 P422 d4 18.7
83 P4/m C4h 18.6
81 P4 S4 16.1
ORTHORMBIC CRYSTAL SYSTEM
47 Pmmm D2h 17.1
25 Pmm2 C* 11.7
16 P222 D2 16.5
MONOCLINIC CRYSTAL SYSTEM
10 P2/m C-2h 15.1
6 Pm C8 5.9
3 P2 14.2
TRICLINIC CRYSTAL SYSTEM
2 PI C,
1 PI Ct
l^ W T D
(%)
5.6
5.7
6.5
9.9
9.5
8.9
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CHAPTER FOUR
THE STATISTICAL ANALYSIS OF XRD INTENSITY DATA
41  INTRODUCTION
The goal in this chapter is to develop and present a statistical method fo r 
analyzing the corrected intensity data fo r Crystal 2. The goal o f this statistical analysis is 
to determine the correct (or, at least a statistically valid) crystal structure fo r the samples 
o f barium plumbate that were provided by Michael Norton at Marshall University. The 
firs t task is to investigate in depth why averaging in the m3m crystal class (Oh point 
group) did not provide R^, s 0.100 ( 10.0%). Successful averaging in  that Laue class 
was predicted based on the lattice parameters o f  the unit cell (a  =  4.271(1)A, a  =  90.00 
(1 )°). The crystal class m3m (O ^ is o f the highest possible symmetry, and it  is the point 
group o f the A B X 3 perovskite aristotype. This crystal class/point group has twenty- 
three symmetry elements and forty-eight symmetry operations. Appendix A  contains a 
list o f all the symmetry elements o f a cube and the matrices that describe the 
transformation that each symmetry operation produces on a general lattice point in a 
cube. Some matrices were available in textbooks; some variants had to  be derived.37,38 
The symmetry elements include an inversion center, proper rotation axes, improper 
rotation axes, and m irror planes. The symmetry elements that distinguish cubic from  
other crystal classes are the 3-fold rotation axes along all the body diagonals. The fo rty - 
eight symmetry operations give rise to forty-eight symmetrically equivalent points in the 
lattice. An actual atom does not necessarily reside at each lattice point, but there may be
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electron density to d iffract the incident X-rays from that point. Therefore, the intensity 
o f the X-ray that is reflected from  a lattice point is measured, and the lattice point is 
called a reflection. The reflections are catalogued according to the ir M ille r indices, hkl. 
There is an hkl fo r each reflection point in the lattice. The intensity measured at each 
reflection is therefore designated 1^. These I ^ ’s are corrected fo r Lorentz, polarization, 
and absorption effects during data reduction. Then the corrected intensities fo r the 
symmetrically equivalent reflections are averaged together. This is accomplished w ith  
AVERAGE (or, earlier, PAIN T, in SDP.)
For the m3m crystal class, the maximum number o f equivalent reflections whose 
intensities w ill be averaged together is forty-eight. Fewer equivalent reflections may also 
be averaged together as independent subsets. For example, only two reflections, hkl and 
hkl, can be averaged fo r the inversion center. Similarly, only tw o reflections w ill be 
averaged together fo r 2-fold proper rotation axes and m irror planes. 4-fold ro tation axes 
require that four symmetrically equivalent reflections are averaged together, etc.
The goal at this point o f  the analysis is to decide whether it is really statistically 
valid to average together the maximum number o f symmetrically equivalent reflections — 
forty-eight fo r crystal class m3m. To do this, it is prudent to take advantage o f the fact 
that there exist sets o f forty-eight symmetrically equivalent reflections averaged together 
(SOFESERAT’ s) and compiled by the PA IN T program in SDP. The ascii output file  o f 
P AIN T is named PAINT.O U T, and it  provides lists o f SOFESERAT’s. These lists o f 
SOFESERAT’ s include M ille r indices (hkl) and corrected intensities (Icon-).
(PAINT.O UT also provides shorter lists o f smaller sets o f symmetrically equivalent
61
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
reflections whose intensities are averaged together, but the statistical analysis in this 
chapter w ill focus exclusively on the SOFESERAT’s.) The PAESTT.OUT file  fo r the 
averaging o f the intensities o f the second crystal contains 171 sets o f averaged 
intensities. O f these 171 sets, 34 sets are SOFESERAT’ s.
4.2 SOFESERAT D ATA TREATM ENT
The 34 SOFESERAT’s firs t must be isolated from  the rest o f the output file. 
Then they can be imported into a spreadsheet. Once the data are imported into the 
spreadsheet, they can be analyzed graphically (visually) and statistically. Histograms 
plotting frequency (in  the sense o f the number o f occurrences o f a corrected intensity 
value) vs. Fobs can be constructed to aid in the visualization o f the distribution o f the 
data. Then the data are ready to be analyzed statistically.
To isolate the SOFESERAT’s from the rest o f the output file  and get them into a 
format that can be readily imported into a spreadsheet, a specific computer program had 
to be developed and written. Dr. Luis Cuellar o f the LSU Computer Science 
Department was asked to assist in the w riting o f such a program. The program 
PARSER2b resulted from the collaboration between D r. Cuellar and the author o f this 
dissertation.
PARSER2b, w ritten in Borland’s Delphi 2.0, uses the PAINT.OUT file  as input. 
I t  then searches PAINT.O UT fo r SOFESERAT’s by counting the number o f intensities 
averaged together in each set. Ignoring sets w ith less than forty-eight intensities in them, 
PARSER2b selects the SOFESERAT’s and isolates them into an output file  that the user 
may name. PARSER2b also gives the user the option to  sort the 48 individual
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reflections in each SOFESERAT in either ascending or descending order — an attractive 
feature because it  allows the user to sort the data prior to its importation into the 
sreadsheet. The PARSER2b output file  is formatted to allow fo r easy importation into 
any spreadsheet program. M icrosoft EXCEL was chosen as the spreadsheet fo r this 
dissertation.
Appendix B contains a hard copy o f the EXCEL spreadsheet generated fo r the 
SOFESERAT’s o f the second crystal. The spreadsheet includes the imported data, three 
histograms o f varying sensitivity fo r each SOFESERAT, and data that w ill be used in  a 
cluster analysis in  the next section.
A  visual inspection o f the histograms yields a very interesting observation. The 
frequency distribution o f the intensity data is at least bimodal fo r most o f the 
SOFESERAT’s, and apparently even trim odal fo r some. (Cluster analysis is the firs t 
step in trying to determine i f  the actual distribution is unimodal or polymodal in the next 
section.) Further, in the majority o f the histograms, the Fobs data are divided into two 
unequal populations (much like fission products are unequal in size.)
What remains to be determined is whether the Fobs data all belong to a single 
population that shows two (or three) localized frequency maxima, o r i f  there are tw o (or 
more) distinct populations — each o f which can be validly averaged w ith in itself, but not 
together w ith the other(s). The results o f this part o f the analysis w ill reveal, 
respectively, i f  the data are better represented in the Pm3m space group or in some other 
space group. The ultimate goal is to  assign the diffraction data o f the second crystal to a 
statistically valid space group.
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4 3 CLUSTER ANALYSIS OF THE SOFESERAT’ S
A ll intensity data sets exhibit a range o f spread. The wider the spread, the less 
certain the mean value. The histograms in Appendix 2 graphically represent the ranges 
o f the intensity values measured fo r Crystal 2. In some cases the spread can be so wide 
that the data set may exhibit polymodal distributions. In  cases where polymodal 
distributions exist, it is necessary to  determine whether all the data in the set can be 
valid ly averaged together. Or, alternatively, should smaller clusters o f data be averaged 
w ith in  a certain range; but not be averaged w ith  clusters (o r discrete datum points) 
outside o f that range. Further, how can the range o f smaller clusters be confidently 
established? Also, i f  smaller clusters o f data are shown to exist w ithin a SOFESERAT, 
how can it  be proved conclusively that the clusters are tru ly  distinct from  each other and 
not just end members o f a very spread out single population. (This last question w ill be 
dealt w ith  in the next section.)
The actual statistical analysis o f the SOFESERAT’s should provide answers to 
the proceeding questions. I t  should also result in the statistically confident assignment o f 
the barium plumbate crystal structure to a specific space group. To complete the 
thorough statistical analysis o f the SOFESERAT’s from the data set fo r Crystal 2 w ill 
require the application o f tw o analytical tools. First cluster analysis w ill be applied in this 
section to determine i f  two (o r more) apparent means exist fo r each SOFESERAT.
Then analysis o f variance (A N O V A ) w ill be applied in  the next section to the apparent 
means to determine i f  they are tru ly  distinct from  each other, or i f  they are actually 
representatives from the same population.
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As stated in  Section 4.2, a visual inspection o f the histograms in Appendix 2 can 
lead one to the conclusion that the intensity data exhibit polymodal distribution.
Although the visual inspection can be quite convincing, the visual observation must be 
supported w ith  statistical analysis.
In  their book, Cluster Analysis, a Survey. Duran and Odell state: “ the objective in 
solving the cluster problem is to determine the optional partitioning o f n objects into m 
disjoint subsets that a certain criterion o f homogeneity within the clusters is satisfied.”  39 
In  other words, cluster analysis can partition the individual intensities in each 
SOFESERAT into two o r three subsets, as long as a consistent range (a set standard 
deviation from  the mean) can be equally satisfied by all intensities in the subset.
Then, once all possible subsets have been verified, the mean o f each subset must 
be compared to each other (using ANO V A ) to determine i f  the subsets are tru ly  distinct 
populations, or just one population w ith  several localized maxima.
Finally, after the subsets have been statistically proved (o r disproved) to  be 
distinct populations, the symmetry operations that falsely gave rise to the apparently 
symmetrically equivalent reflections can be eliminated from the 48 symmetry operations 
o f a cube. A fter the false symmetry operations have been removed fo r the lis t o f 48, the 
remaining symmetry operations should constitute a valid space group. The ultimate null 
hypothesis in this analysis is that the SOFESERAT data are all fo r members o f a single 
population. The alternative hypothesis is that the data are samples from tw o (o r more) 
distinct populations. I f  the null hypothesis gets rejected, then these data are like ly fo r a 
space group w ith less than m3m symmetry.
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4.3.1 The Results o f Cluster Analysis
Each o f the 34 SOFESERAT’s isolated from  PAINT.OUT fo r averaging in the 
m3m class fo r Crystal 2 are included in Appendix 2. The pertinent data fo r each 
SOFESERAT are spread out over four pages. The first page lists the New #, hkl, and 
Fo (Fobs). The SOFESERAT’s w ill be identified bytheir ccNew The Fo data are 
sorted in ascending order. The second page o f the data includes 3 different histograms. 
An average and a standard deviation were calculated fo r the SOFESERAT, and the bin 
size fo r the histogram corresponds to lcr, 0.5a, and 0.25a. The smaller the bin size, the 
better the resolution o f the histogram. The histograms w ith a bin size o f 0.25a most 
capably appear to indicate that the data fo r all the SOFESERAT’s do not conform to 
neat, Gaussian distributions w ith a single maximum (mean value). In fact, the 0.5a and 
0.25a histograms fo r all the SOFESERAT’s show polymodal distributions. This simple 
visual inspection suggests that not even one o f the SOFESERAT’s represents a tru ly  
valid averaging o f the 48 reflections. That is, averaging in the m3m class is probably not 
valid fo r these data.
However, simple visual inspection is not adequate to prove that averaging in the 
m3m class is not valid. So a cluster analysis was performed to determine which Fo 
values should be grouped together. The first step is to calculate a difference between 
each pair o f Fo values. This information is included in column 5 (“D IFF”  heading) on 
the th ird page o f data fo r each SOFEESERAT. The Fo data are then grouped as clusters 
between the largest differences. In  many cases, gaps in the 0.25a histogram match the 
largest differences perfectly. In other cases, gaps in the histogram exist where the
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calculated differences are negligible. In these latter cases, in order to pick the actual end 
members o f a cluster involved an iterative process in which averages and standard 
deviations were calculated fo r clusters o f varying sizes. The final decision o f how to  best 
cluster the data in these regions was based on a comparison o f the standard deviation 
values obtained fo r all the clusters attempted for that SOFESERAT. The cluster w ith  
the smallest standard deviation was chosen as the optimal cluster, because the smallest 
standard deviation indicates the smallest spread in the data set. Table C-3 in Appendix C 
compiles the averages fo r each peak (maximum) in the histogram, and the standard 
deviation fo r the data that were clustered and averaged fo r that maximum. Some 
SOFESERAT’s showed bimodal distribution, and others showed trimodal distribution.
One goal o f the cluster analysis performed on each SOFESERAT was ideally to 
obtain clusters o f samples w ith  sim ilar variances and approximately normal distribution 
o f the data. This is because many useful statistical tests are valid fo r data w ith normal 
distributions. In general, data sets w ith sample size n greater than or equal to 30 satisfy 
the central value theorem and begin to approach normal distribution. Checking the 
fourth page fo r each SOFESERAT in Appendix B or the tabulated statistical data in 
Appendix C shows that many o f the clusters contain n < 30. Further, the variances are at 
best only approximately equal fo r the clusters o f most o f the SOFESERAT’ s.
Therefore, means, medians, modes, standard deviations, and variances were 
calculated for the SOFESERAT’s to help decide i f  they were normally distributed or not. 
These data are compiled in Tables C -l, C-2, and C-3 in  Appendix C. Table C -l is fo r 
the data that the PAINT program averaged together. PAINT automatically excludes
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data that are greater than 3 standard deviations away from  the calculated mean. These 
data are indicated w ith  a “B”  next to the Fobs value on the first page o f each 
SOFESERAT in  Appendix A  According to the PAINT results, each SOFESERAT data 
set contained several “ bad”  data. Consequently, PAINT did not ever average all 48 Fobs 
fo r a given SOFESERAT. (The ‘N o . A vg ’d”  column at the far right o f Table C -l 
indicates the number o f Fobs averaged by P A IN T fo r that SOFESERAT.)
Table C-2 contains the results o f averaging all 48 Fobs data in each 
SOFESERAT. The normality o f the data distribution as indicated by the means, 
medians, modes, standard deviations, and variances is not as good fo r the fu ll set o f 48 
being averaged together (Table C-2) as it  is fo r the PAINT subsets that excluded outliers 
(Table C -l). However, the distributions are essentially normal. The final column in 
Table C-2 lists whether the histograms looked bimodal or trimodal. Table C-3 lists the 
means, standard deviations, and variances fo r each cluster o f each SOFESERAT. These 
calculated data are needed fo r the F test.
F tests were performed fo r the sorted and clustered Fobs data fo r each 
SOFESERAT. The null hypothesis was, ETq: the obtained sample variances are 
independent, unbiased estimates o f the unknown a2. In other words, the variances o f the 
two (o r three) clustered samples o f a SOFESERAT are estimates o f the same a2. Tables 
C-4, C-5, and C-6 compile the F test data. The tables include the number o f 
observations in  the cluster, the variance fo r each cluster, the F test value (calculated by 
dividing the larger o f the two variances by the smaller), and the F distribution value at 
the 0.05 significance level (obtained from  F-test distribution tables in Kanji’ s book).40
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The final column indicates whether o r not the null hypothesis should be rejected. The 
choice is based on a comparison o f the F test value fo r each pair o f variances to the F 
distribution table value at the 0.05 significance level. I f  the F test value is less than the 
table value, the null hypothesis is not rejected. I f  the F test value is larger than the table 
value, then the null hypothesis is rejected.
For 20 out o f the 40 F test results (50.0%), the null hypothesis was not rejected. 
For the other 50.0% o f the F tests, the null hypothesis was rejected. Rejection o f the 
null hypothesis means that in only 5 cases in 100 would it be possible to  get that large o f 
a calculated F value by chance. H a lf o f the F tests suggest that the tw o sample variances 
are estimates o f the same a2, and ha lf o f the F tests suggest that the tw o sample 
variances are estimates o f different a2. The F test results are therefore not conclusive 
enough to  allow a statement to be made that assigns the data to a space group. N or are 
they conclusive enough to allow  a statement to be made that excludes these data from a 
particular space group.
The next logical step is to try  to prove whether the SOFESERAT’ s are single 
populations w ith multiple maxima; or, alternatively, multiple populations, w ith  each 
being distinct from  the others. To make this distinction, the analysis o f variance 
(AN O VA) w ill next be applied to the Fobs fo r each SOFESERAT.
4 4 AN O VA FOR THE SOFESERAT’ S
The analysis o f variance technique was developed primarily to distinguish 
between the the relative influences o f several seemingly unrelated variables on an 
outcome.40 Examples o f A N O VA  in business (finance, investing) and agriculture are
69
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
very common. The method lends itse lf w e ll to the analysis o f stock market fluctuations 
and crop failures. In scientific research, the method ts employed to  aid in im proving the 
design o f experiments so that optimal data collection can be achieved. Here, it  w ill be 
used to try  to determine the correct crystal structure o f Crystal 2. The procedure 
employed is to establish a null hypothesis, determine a statistic that w ill validate or 
negate the null hypothesis, and then to  show an unsatisfactorily small probaility that the 
nu ll hypothesis is incorrect.40
The null hypothesis should be worded in such a way as to emphasize the idea that 
there is no change. Here, the null hypothesis w ill be that there is no difference between 
the means o f the polymodal distributions = p j.  That is, the 48 Fobs data in  a 
SOFESERAT are are symmetrically equivalent to each other, and they thereby represent 
a single population showing polymodal distribution on a histogram.
To test the null hypothesis, it  w ill be necessary to compare the variances between 
sample means fo r three (or more) groups to  the variances w ithin those sample groups. 
A N O V A  must be applied to three (o r more) random groups o f samples. This 
requirement automatically rules out the use o f bimodal, sorted, and clustered data sets in 
this part o f the statistical analysis. To obtain unsorted sets o f 48 Fobs data, the output 
from  PARSER2b was not sorted prio r to importation into a spread sheet. Each set o f 48 
was then grouped into three random sets o f  sixteen. This established three A N O V A  
parameters immediately. The number o f groups, K, is three. The number o f 
observations in each group, N, is sixteen; and the total number o f observations, NT, is 
forty-eight. Finally, the F distribution table statistic, FK- i ,n t -k  =  F2>44 = 2.82 at the 0.05
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significance level. The AN O VA  value is calculated by dividing the variances between 
groups by the variances w ithin groups.
Table C-7 compiles the variances between groups (Variance B), the variances 
w ithin groups (Variance W ), and the calculated AN O VA  value. This calculated 
A N O VA value is placed directly next to the F distribution table value at the 0.05 
significance level fo r ease o f comparison. The final column indicates whether or not the 
null hypothesis should be rejected. I f  the AN O VA value o f VarB/VarW  < F^4S, then the 
null hypothesis is not rejected. N ot rejecting the null hypothesis means that there is on ly 
a 5 in 100 chance o f obtaining a VarB/VarW  ratio w ith this value by chance.
Alternatively, it can be stated that there exists a 95% probability that this AN O VA  ra tio  
has been calculated fo r three randomly selected groups that have the same mean; and 
which are therefore members o f a single population.
The null hypothesis was not rejected fo r 26 o f the 34 (76.5%) SOFESERAT’ s* 
The null hypothesis was rejected fo r 8 o f the 34 SOFESERAT’s (23.5%). These 
proportions indicate that fo r 76.5% o f the SOFESERAT data sets studied, the data 
collected were symmetrically equivalent and were all members o f a single population.
The preceeding statement can be made at the 95% confidence level fo r the 76.5% o f the 
SOFESERAT’s fo r which the null hypothesis was not rejected.
4.5 DECLARING  A  STATISTICALLY V A LID  STRUCTURE
Several factors w ill be considered in the decision to assign this crystallographic 
data set to a crystal system, Laue class, and, ultimately, a space group. These factors 
w ill include the diffraction pattern, the lattice constants, the R^, value obtained after
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averaging the intensities together, the value obtained after structure refinement, and 
the results o f the A N O V A  investigation o f the SOFESERAT data.
The diffraction pattern and the lattice constants were the firs t data obtained fo r 
Crystal 2. The lack o f  any systematic absences in the diffraction pattern indicated that 
the unit cell fo r this crystal was prim itive. This information immediately ruled out the 
need to consider face-centered and body-centered lattices. The lattice constants 
indicated that all cell edges were the same length, w ith a =  4.27 A. The unit cell angles 
were also all identical, w ith  a  =  90.00°. These lattice constants are consistent w ith a 
crystal that belongs in the cubic system. That is, in order fo r a crystal to  be classified as 
cubic, it must have identical cell edges and identical angles. However, it  is possible fo r a 
crystal to exhibit cubic la ttice constants, but still belong to a crystal class o f lesser 
symmetry. Such a situation is termed pseudo symmetry, and early attempts at structure 
solution fo r Crystal 2 indicated that it could possibly be pseudo cubic.
Averaging o f the crystal data in cubic Laue classes resulted in unacceptably high 
Rfct values. High R ^ values after averaging o f the data indicates that the data collected 
are not precise fo r that Laue class. Intensity measurements that should have been 
repeatable due to symmetrical equivalence o f the M ille r Indices apparently were not 
repeatable. The best R ^  value finally resulted fo r the monoclinic Laue class. I f  the 
structure solution and refinement for Crystal 2 had converged in a monoclinic space 
group, then pseudo-symmetry fo r this crystal would have been confirmed.
However, the optim al structure refinement was obtained in the centrosymmetric 
Laue class w ith cubic symmetry, Oh. Further, refinement converged in the space group
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o f the perovskite aristotype, Space Group No. 221, Pm3m. This result was actually not 
entirely unexpected, because the barium plumbate sample that was investigated satisfies 
the criteria o f the perovskite aristotype. The refinement results indicated a perfectly 
cubic crystal w ith the structure o f the perovskite aristotype. The results could have been 
reported, except that the results fo r the monoclinic crystal class Q  suggested a 
possibility o f pseudo-symmetry that had to be confirmed or dispelled.
The need fo r an in-depth statistical analysis o f the crystallographic data set 
became apparent. The Structure Determination Package, which is capable o f solving the 
vast m ajority o f crystal structures attempted w ith it, did not contain the statistical tools 
necessary to allow  fo r the structure solution and refinement fo r this sample o f barium 
plumbate. The data were clustered and F tested inconclusively. The histograms 
produced from  the clustered data looked polymodal, indicating that perhaps PAIN T had 
grouped and averaged SOFESERAT’s that were not tru ly symmetrically equivalent. But 
simple visual inspection could be misleading. However, meticulously measured 
numerical data are more reliable. So the Analysis o f Variance technique was applied to 
the unsorted SOFESERAT data. For 76.5% o f the AN O VA ratios calculated, the null 
hypothesis (that all 48 SOFESERAT observations were from a single population) was 
not rejected w ith  95% confidence. This constitutes more than a simple m ajority o f the 
data studied, and it  suggests that the correct structure fo r Crystal 2 is the cubic system, 
octahedral Laue class, Pm3m space group.
One final set o f information must be acknowledged. For 23.5% o f the AN O VA 
ratios, the null hypothesis was rejected. This rejection indicates that the ratios calculated
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were large enough that they could be expected to occur by chance in at least 5 cases out 
o f 100. Rejection o f the null hypothesis means that the AN O VA test per se does not 
allow  fo r it to be stated w ith 95% confidence that the samples are from a single 
population. Disorder is one possible crystallographic factor that might explain why these 
8 ratios (out o f 34) resulted in rejection o f the null hypothesis. M ixed metal oxides are 
notorious fo r their nonstoichiometry and the internal structural disorder that results to 
maintain charge balance. Because there are several examples o f disordered perovskite 
structures in textbooks3233 and the literature,3435 it is probable that Crystal 2 also 
experiences disorder. The disorder may be sufficient to affect the statistical results.
4.6 THE CRYSTAL STRUCTURE OF CRYSTAL 2
Based on the data presented in this dissertation and the review o f the analysis 
done fo r this sample in section 4.5 above, it can be stated w ith 95% confidence that the 
structure o f Crystal 2 is 1.) the structure first reported by Wagner and Binder in 1958,24 
2.) the structure predicted by the calculation o f Goldschmidt’s tolerance factor (Eqn. 2- 
2), and 3.) the structure refined by the gross statistical methods o f SDP (refinement 
converged in the Pm3m space group w ith R ^  =  5.6). That is, Crystal 2 o f the barium 
plumbate sample provided by Dr. Michael Norton and analyzed at the LSU X-Ray 
Crystallography Laboratory exhibits the space group symmetry o f the perovskite 
aristotype. A t the 95% confidence level, Crystal 2 possesses symmetry that is consistent 
w ith space group No. 221, Pm3m.
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CHAPTE R FIVE 
FUTURE RESEARCH POSSIBILITIES
Future w ork w ith barium plumbates at LSU might include attempting to 
electrolytically deposit our own product on siWer electrodes using the technique that Dr. 
Patrick Kolniak o f the Chemistry Department ihas perfected. Such syntheses could allow 
fo r controlled variation o f the actual percentages o f barium and potassium present in the 
final products. (Barium and potassium would iboth occupy the A  cation site in the 
perovskite-type lattice.) An entire suite o f potassium-doped barium plumbates could be 
prepared and analyzed via single crystal X-ray 'diffraction. This type o f study might 
allow  fo r correlation o f changes in the symmetry o f the mixed metal oxide to the 
variations in the stoichiometry o f barium and potassium. Correlating the change in 
symmetry w ith  the change in A-cation lattice siite occupation might help explain the high 
Tc superconductivity that has been observed fo r  the ceramic-like plumbates. Marx, et. 
al.41, Bente, et. al.42, and Kakinuma and Fueki43 have already compiled such information 
fo r neutron diffraction and powder diffraction data. Single crystal data could be used to 
verify or dispute their findings.
The in-depth statistical analysis applied tro the intensity data set fo r Crystal 2 in 
this dissertation might also be applicable to other crystals exhibiting pseudo symmetry 
higher than their actual symmetry. Dr. Frank Fronczek did encounter at least one other 
crystal that might be a candidate fo r this analysis. The crystal had lattice constants that 
suggested tetrahedral symmetry, but the tria l mo»del did not refine satisfactorily in a
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tetrahedral space group. Perhaps this crystal’s symmetry could be deduced fo llow ing an 
in-depth analysis o f its corrected intensities?
Finally, a possibility o f combining geology, chemistry, and crystallography exists. 
A  background in geology combined w ith a developing knowledge o f the chemistry and 
the structure o f perovskites opens the possibility o f the pursuit o f a current area o f 
geological research — the study o f perovskites and their significance in the Earth’s 
mantle. Although silicates are compositionally the most abundant minerals in the Earth’s 
crust, perovskites are structurally the most abundant minerals in Earth’s mantle. Data 
indicate that the Earth’s mantle is very silica deficient. There is great potential fo r 
research that studies the composition, phase, and temperature dependence o f  mantle 
perovskites.
76
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
REFERENCES
1 Stout, G.H. &  Jensen, L.H. (1968). X-rav Structure Determination, a Practical 
Guide. New York: M acmillian Publishing.
2 Giacovazzo, C., Monaco, H., V iterbo, D., Scordari, F., G illi, G., Zanotti, G., &  
Catti, M . (1985). Fundamentals o f Crystallography. New York: Oxford Science 
Publications.
3 Glusker, J.P. &  Trueblood, K. (1994). Crystal Structure Analysis: A Primer 
(2nd. ed.). New York: O xford University Press.
4 Constable, E. C., Cargill Thompson, A.M .W ., Tocher, D .A., &  Daniels, 
M .A .N . (1992) New Journa l o f  Chemistry. 16, 855; Constable, E.C., &  Cargill 
Thompson, A .M .W . (1992). Journal o f the Chemical Society, Dalton Transactions. 
3467.
5 Newkome, G.R., Cardullo, F., Constable, E.C., Morefield, Charles, N., &  
Cargill Thompson, A .M .W . (1993). Journal o f the Chemical Society, Chemical 
Communications. 11 , 925-927.
6 Stedman, E. (1929). Biochemical Journal. 23, 17 - 24.
7 Quinn, D .M . (1987). Chemical Reviews. 87, 955 - 979.
8 Pang, Y.P., Quiram, P., Jelacic, J., Hong, F., &  Brim ijoin, S., Journal o f 
B io log ica l Chemistry. 271, 23646-23649.
9 Savle, P.S., Medhekar, R., May, J.G., Watkins, S.F., Fronczek, F.R., Quinn, 
D .M ., &  Gandour, R.D. (1998). Chemical Research in  Toxicology. 11, 19 - 25.
10 Hamilton, W .C. (1965). Acta Crystallographica. 18, 502.
11 Rose, J.B., &  Staniland, P.A. (1982). U.S. Patent 4,320,224.
12 Attwood, T.E., Dawson, P.C., Freeman, J.L., Hoy, L.R ., Rose, J.B., &  
Staniland, P.A. (1981). Polymer. 22, 1096.
13 Chen, M . &  Gibson, H.W. (1996). Macromolecules. 29, 5502-5504.
14 Chen, M ., Guzei, L, Rheingold, A .L ., &  Gibson, H.W. (1997).
Macromolecules. 30, 2516-2518.
77
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15 Chen, M ., Fronczek, F.R., &  Gibson, H.W. (1996). M acrom olecular 
Chemistry and Physics. 197,4069-4078.
16 Nugent, W .A. &  Mayer, J.M. (1988). Metal-Ligand M ultip le Bonds. New 
York: John W iley &  Sons.
17 Holm, R.H. &  Berg, J.M. (1986). Accounts o f Chemical Research. 19,363- 
370. Holm, R.H. (1987). Chemical Review. 87, 1401-1449. Holm, R.H. &  Donahue, 
J.P. (1993). Polyhedron. 12, 571-589.
18 Mohammed, A .K . &  Maverick, A.W . (1992). Inorganic Chemistry. 3 1, 4441- 
4443. Maverick, A.W ., Yao, Q., Mohammed, A.K., &  Henderson, L.J., Jr. (1993). 
Advance Chemical Ser. 238, 131-146. Salts ofM oO C l4‘ had previously been reported to 
fluoresce in the solid state: W inkler, J.R. Ph. D. (1983). Masters thesis, California 
Institute o f Technology, Pasadena, CA.
19 Carducci, M .D ., Brown, C., Solomom, E .I., &  Enemark, J.H. (1994). Journal 
o f American Chemical Society. 116, 11856-11868.
20 Fenske, D., Stahl, K ., Hey, E., &  Dehnicke, K. (1984). Zeitschrift fu e r  
Naturforschung. 39b, 850-854.
21 Klingelhofer, P. &  Muller, U. (1988). Zeitschrift fu e r Anorganische und 
Allgemeine Chemie. 556, 70-78.
22 Conradi, E., Boher, R., Weber, R_, &  Muller, U. (1987). Zeitschrift fu e r  
Kristallographie. 181, 187-198.
23 Isovitch, R.A. &  Maverick, A.W. (2000). Polyhedron. 19, 1437-1446.
24 Wagner, G. &  Binder, H. (1958). Zeitschriftfiter Anorganische und 
Allgemeine Chemie. 297, 328.
25 N itta, T., et. al. (1965). Journal o f the American Ceramic Society. 48, 642.
26 Ikushima, H. &  Hayakawa, S.(1966). Solid-State Electronics. 9, 921.
27 Shuvaeva, E.T. &  Fesenko, E.G. (1970). Soviet Physics - Crystallography. 15,
321.
28 Thornton, G. &  Jacobson, A.J. (1976). M aterials Research Bulletin. 11, 837-
842.
29 Fu, W .T. &  Ijdo, D.J.W. (1995). Solid State Communications. 95, 581.
78
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30 R itter, H . &  Ihringer, J. (1989). Zeitschrift fu e r  Physik B : Condensed M atter. 
75, 297.
31 Ihringer, J., Maichle, J.K., Prandl, W., Hewat, A .W ., &  W roblewski, Th. 
(1991). Z e itsch riftfue r Physik B : Condensed M atter. 82, 171-176.
32 Megaw, H. (1973). Crystal Structures: A  W orking Approach. Philadelphia, 
PA: W .B. Saunders Co.
33 Hyde, B.G. &  Andersson, S. (1989). Inorganic Crystal Structures. New York: 
John W iley &  Sons.
34 Tang, H ., et. al. (1993). Japanese Journal o f  Applied Physics. 32, L312-
L314.
35 Kolniak, P.A. (1997). Synthesis and Physical Characterization o f Solid State 
Materials. Unpublished doctoral dissertation, Louisiana State University, Baton Rouge.
36 Cotton, F.A. (1990). Chemical Applications o f  Group Theory. (3rd ed.). New 
York: John W iley &  Sons.
37 Sands, D.E. (1982). Vectors and Tensors in Crystallography. Reading, M A: 
Addison-Wesley.
38 R ollett, J.S. (1965). Computing Methods in Crystallography. O xford, N Y: 
Pergamon Press.
39 Duran, B. &  Odell, P. (1983). Cluster Analysis. A  Survey. N ew  York: 
Springer-Verlag.
40 Kanji, G. (1993). 100 Statistical Tests. London, England: SAGE Publications.
41 M arx, D .T ., et. al. (1992). Phyical Review B : Condensed M a tte r and  
M aterials Physics. 46, 1144.
42 Bente, K ., et. al. (1992). Physica C: Superconductivity. 202, 379.
43 Kakinuma, K. &  Fueki, K. (1998). Solid State Communications. 105, 173.
79
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX A 
THE 48 SYMMETRY OPERATIONS OF A CUBE
80
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T h e  23  s y m m e t r y  e l e m e n t s  o f  a  c u b e  a r e
3 t e t r a d  ( 4 - f o l d  r o t a t i o n )  a x e s
4 t r i a d  ( 3 - f o l d  r o t a t i o n )  a x e s
6  d i a d  ( 2 - f o l d  r o t a t i o n )  a x e s
3 h o r i z o n t a l  m i r r o r  p l a n e s
6  d o d e c a h e d r a l  m i r r o r  p l a n e s
1  i n v e r s i o n  c e n t e r
T h e  4 8  s y m m e t r y  o p e r a t i o n s  o f  a  c u b e  a r e
E  ( i d e n t i t y )
6  C 4
3 C 2 ( = C 42 )
3 <Jh
6  S 4
8  C 3
8  S 6
6  C 2
6  CTd
i  ( = S 2 )
IDENTITY
1 0 0
E  = 0 1 0
0 0 1
INVERSION
- 1 0 0
i  = 0 - 1 0
0 0 - 1
T h e  m a t r i c e s  f o r  t h e  6  C 4 a n d  t h e  3 C 2 s y m  o p s  t h a t  a r e  
c o i n c i d e n t  w i t h  t h e  o r t h o n o r m a l  c a r t e s i a n  c o o r d i n a t e  a x e s
T h e  x - a x i s  i s  h e r e a f t e r  r e p r e s e n t e d  a s  (1  0 0 }
1 0 0
C 4  ^ a b o u t  {1  0 0 } , C 41  ( 1 0 0 ) = 0 0 - 1
0 1 0
1 0 0
C 42 ( = C 2 ) a b o u t  (1  0 0 } , C 2 ( 1 0 0 ) = 0 - 1 0
0 0 - 1
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1 0 0
C 43 a b o u t  { 1  0 0 } , C 43  ( 1 0 0 ) 0 0 1
0 - 1 0
T h e  y - a x i s  i s h e r e a f t e r r e p r e s e n t e d  a s ( 0  1  0 }
0 0 1
C 4 l a b o u t  { 0  1 0 } , C 41  ( 0 1 0 ) 0 1 0
- 1 0 0
- 1 0 0
C 42 ( = C 2 ) a b o u t  ( 0  1 0 } , C 2 ( 0 1 0 ) = 0 1 0
0 0 - 1
0 0 - 1
C 4 3 a b o u t  ( 0  1 0 } , C 43  ( 0 1 0 ) 0 1 0
1 0 0
T h e  z - a x i s  i s h e r e a f t e r r e p r e s e n t e d  a s { 0  0  1 }
0 - 1 0
C 4 1 a b o u t  ( 0  0 1 } , C 41  ( 0 0 1 ) 1 0 0
0 0 1
1 0 0
C 42 ( = C 2 ) a b o u t  {0  0 1 } , C 2 ( 0 0 1 ) 0 - 1 0
0 0 1
0 1 0
C 4 3 a b o u t  ( 0  0 1 } , C 43  ( 0 0 1 ) = - 1 0 0
0 0 1
T h e  m a t r i c e s  f o r  t h e  3 <yh ,  t h e  m i r r o r  p l a n e s p e r p e n d i c u l a r
e a c h  o f  t h e  o r t h o n o r m a l  c a r t e s i a n  c o o r d i n a t e a x e s
T h e  y z - p l a n e  i s  t h e  m i r r o r  p e r p e n d i c u l a r  t o O O
- 1 0  0
a  ( 1 0 0 ) 0  1 0
0  0  1
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T h e  x z - p l a n e  i s  t h e  m i r r o r  p e r p e n d i c u l a r  t o  {0  1 0 }
1 0 0
C T ( 0 1 0 ) = 0 - 1 0
0 0 1
T h e  x y - p l a n e  i s  t h e  m i r r o r  p e r p e n d i c u l a r  t o { 0  0 1 }
1 0 0
C T ( 0 0 1 ) 0 1 0
0 0 - 1
T h e  m a t r i c e s  f o r  t h e  6  S 4 s y m  o p s t h a t a r e  c o i n c i d e n t w i t h
o r t h o n o r m a l  c a r t e s i a n  c o o r d i n a t e a x e s
- 1 0 0
S , 1 a b o u t  {1  0 0 } ,  S 4 1  ( 1 0 0 ) 0 0 - 1
0 1 0
- 1 0 0
S 4 3 a b o u t  (1  0 0 } , S 43  ( 1 0 0 ) 0 0 1
0 - 1 0
0 0 1
S 4 1 a b o u t  {0  1 0 } , S 41  ( 0 1 0 ) 0 - 1 0
- 1 0 0
0 0 - 1
S 43 a b o u t  {0  1 0 } , S 43  ( 0 1 0 ) 0 - 1 0
1 0 0
0 - 1 0
S 4 1 a b o u t  { 0  0 1 } S 41  ( 0 0 1 ) = 1 0 0
0 0 - 1
0 1 0
S 43 a b o u t  { 0  0 1 } S 43  ( 0 0 1 ) - 1 0 0
0 0 - 1
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T h e  s i x  d i a d  a x e s  a r e :
{1 1 0 } ,  (1  1 0 } ,  {0 1 1 } ,  {0 1 I } ,  {1 0 1 } ,  {1 0 1 }
T h e  m a t r i c e s  f o r  t h e  C 2 s y m  o p s  a r e :
0 1 0
C 2 a b o u t  {1  1 0 ) , C 2  ( 1 1 0 ) = 1 0 0
0 0 - 1
0 - 1 0
C 2 a b o u t  ( 1  1 0 }, C 2  ( 1 1 0 ) = - 1 0 0
0 0 - 1
- 1 0 0
C 2 a b o u t  ( 0  1 1 } , C 2  ( 0 1 1 ) = 0 0 1
0 1 0
- 1 0 0
C 2 a b o u t  {0  1  1 } , C 2  ( 0 1 1 ) = 0 0 - 1
0 - 1 0
0 0 1
C 2 a b o u t  ( 1  0 1 } , C 2  ( 1 0 1 ) = 0 - 1 0
1 0 0
0 0 - 1
C 2 a b o u t  ( 1  0 1 } , C 2  ( 1 0 1 ) = 0 - 1 0
- 1 0 0
T h e  m a t r i c e s  f o r t h e  6 (7d m i r r o r  p l a n e s w h i c h  a r e p e r p e n d i c u l
t o  t h e  s i x  d i a d a x e s  l i s t e d  a b o v e  a r e :
0 1 0
CTd p e r p e n d i c u l a r t o  { 1 1 0 } ,  C T ( l l O ) 1 0 0
0 0 1
0 - 1 0
CTd p e r p e n d i c u l a r t o  ( 1 1 0 } ,  <7 ( 1 1 0 ) - 1 0 0
0 0 1
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1 0 0
<*d p e r p e n d i c u l a r t o { 0  1  1 } , a  ( O i l ) = 0 0 - 1
0 - 1 0
1 0 0
O d p e r p e n d i c u l a r t o ( 0  1  1 } , a  ( O i l ) 0 0 1
0 1 0
0 0 - 1
od p e r p e n d i c u l a r t o ( 1  0  1 } , or ( 1 0 1 ) = 0 1 0
- 1 0 0
0 0 1
< jd p e r p e n d i c u l a r  t o  ( 1 0  1 } ,  a ( 1 0 1 ) 0 1 0
1 0 0
T h e  b o d y  d i a g o n a l s  a r e t h e  a x e s
{ 1 1 1 } ,  { 1 1 1 } ,  { 1 1 1 } ,  a n d  { 1  1  1 } .
C 3 1 a b o u t { 1  1 1 } = c  x^4 a b o u t { 1  0 0 } k c  34 a b o u t (0
0 0 1
C 3 1  ( 1 1 1 ) = 1 0 0
0 1 0
C 3 1 a b o u t { I  1 1 } = c  1''■'4 a b o u t {0  1  0 } k c  3^4 a b o u t ( 1
0 - 1 0
C 3 1 ( 1 1 1 ) = 0 0 1
- 1 0 0
C 3 1 a b o u t { 1  1 1 } = c  3'~4 a b o u t
0
 
0
 
1—
1 k c  3^4 a b o u t (0
0 0 - 1
C 3 1  ( 1 1 1 ) = 1 0 0
0 - 1 0
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C 3 1 a b o u t  { 1 1 1 }
C 32 a b o u t  { 1 1  1 }
C 32 a b o u t  { 1 1  1 }
C 32 a b o u t  { 1 1 1 }
C 32 a b o u t  { 1 1 1 }
S g 1 a b o u t  { 1  1  1 } ,
S s5 a b o u t  ( 1  1  1 } ,
c  3^ 4 a b o u t {0  1 0 } k c  'L^ 4 a b o u t {1
0 - 1 0
C 3 1 ( 1 1 1 ) — 0 0 - 1
1 0 0
c  3^ 4 a b o u t {0  1 0 } ■k c  3'-■'4 a b o u t {1
0 1 0
C 3 2 ( 1 1 1 ) = 0 0 1
1 0 0
C 4 1 a b o u t {1  0 0 } ■At c  3 a b o u t {0
0 0 - 1
C 3 2 ( 1 1 1 ) - - 1 0 0
0 1 0
C 4 1 a b o u t {0  1 0 } k C 4 1 a b o u t {1  1
0 1 0
C 32  ( H I ) = 0 0 - 1
- 1 0 0
C 4 3 a b o u t {1  0 0 } * c  1° 4 a b o u t {0  :
0 0 1
C 3 2 ( 1 1 1 ) = - 1 0 0
0 - 1 0
0 - 1 0
S 6 K 1 1 1 )  = 0 0 - 1
- 1 0 0
0 0 - 1
S 6 5 ( 1 1 1 ) = - 1 0 0
0 - 1 0
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0 0 1
S g 1 a b o u t  ( 1  1 1 } , S 6 1 Q 1 1 ) = 1 0 0
0 - 1 0
0 1 0
S 65 a b o u t  ( 1  1 1 } , S 65  d l l ) = 0 0 - 1
1 0 0
0 - 1 0
S g 1 a b o u t  { 1  1 1 } , S 6 1 ( i l l ) 0 0 1
1 0 0
0 0 1
S 65 a b o u t  ( 1 1  1 } , S 65  ( 1 1 1 ) - 1 0 0
0 1 0
0 0 - 1
S g 1 a b o u t  ( 1  1  1 } , S 6 1 ( 1 1 1 ) = 1 0 0
0 1 0
0 1 0
S g 5 a b o u t  (1  1  1 } , S 6 5 ( 1 1 1 ) = 0 0 1
- 1 0 0
T h e  f o l l o w i n g  s e t s  o f  s y m  o p s  a r e  s y m m e t r i c a l l y  e q u i v a l e n t  i n  t h e  
c u b i c  p o i n t  g r o u p  0 h .
F o r  a  C 4 a x i s  t h a t  i s  c o i n c i d e n t  w i t h  a n  o r t h o n o r m a l  c a r t e s i a n  
c o o r d i n a t e  a x i s ,  t h e  f o l l o w i n g  t r a n s f o r m a t i o n  m a t r i c e s  w i l l  
g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :  C 4 X,  C 2 ,  C 4 3 ,  E .
F o r  a  C 2 a x i s  t h a t  i s  c o i n c i d e n t  w i t h  a n  o r t h o n o r m a l  c a r t e s i a n  
c o o r d i n a t e  a x i s ,  t h e  f o l l o w i n g  t r a n s f o r m a t i o n  m a t r i c e s  w i l l  
g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :  C 2 ,  E .
F o r  a  h o r i z o n t a l  m i r r o r  p l a n e  t h a t  i s  p e r p e n d i c u l a r  t o  a n  
o r t h o n o r m a l  c a r t e s i a n  c o o r d i n a t e  a x i s ,  t h e  f o l l o w i n g  m a t r i c e s  
w i l l  g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :  crh ,  E .
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F o r  a n  S 4 a x i s  t h a t  i s  c o i n c i d e n t  w i t h  a n  o r t h o n o r m a l  c a r t e s i a n  
c o o r d i n a t e  a x i s ,  t h e  f o l l o w i n g  t r a n s f o r m a t i o n  m a t r i c e s  w i l l  
g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :  S 4X,  i ,  S 4 3 ,  E .
F o r  a  C 3 a x i s  a b o u t  o n e  o f  t h e  b o d y  d i a g o n a l s ,  t h e  f o l l o w i n g
t r a n s f o r m a t i o n  m a t r i c e s  w i l l  g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :
C 3 1,  C 32 ,  E .
F o r  a n  S s a x i s  a b o u t  o n e  o f  t h e  b o d y  d i a g o n a l s ,  t h e  f o l l o w i n g  
t r a n s f o r m a t i o n  m a t r i c e s  w i l l  g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :
S 6 X,  C 3X,  i ,  C 32 ,  S s5 ,  E .
F o r  o n e  o f  t h e  s i x  d i h e d r a l  C 2 a x e s ,  t h e  f o l l o w i n g  t r a n s f o r m a t i o n
m a t r i c e s  w i l l  g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :  C 2 ,  E .
F o r  o n e  o f  t h e  s i x  d o d e c a h e d r a l  m i r r o r  p l a n e s  ( p e r p e n d i c u l a r  t o  a  
d i h e d r a l  C 2 a x i s ) ,  t h e  f o l l o w i n g  t r a n s f o r m a t i o n  m a t r i c e s  w i l l  
g e n e r a t e  e q u i v a l e n t  p o s i t i o n s :  ( j d ,  E .
F o r  t h e  i n v e r s i o n  c e n t e r ,  t h e  m a t r i c e s  i  a n d  E  w i l l  g e n e r a t e  
e q u i v a l e n t  p o s i t i o n s .
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APPENDIX B 
SOFESERAT DATA AND HISTOGRAMS
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New# h k I F(av) Sig1 Sig2 N
14 1 3 2 30.4 0.7 0.2 23
h k I Fobs
3 1 -2 26.4 B
3 -1 -2 26.6 B
3 -2 -1 27.6 B
3 -2 1 27.7 B
2 -3 -1 27.7 B
-1 3 -2 28.3 B
2 3 -1 28.4 B
-2 -1 -3 28.4 B
3 2 -1 28.4 B
2 -3 1 28.7 B
-2 3 -1 28.8 B
-1 -2 -3 28.9 B
-3 2 -1 29 B
-1 2 -3 29.3 B
2 1 3 29.4
1 2 3 29.4
-3 1 -2 29.5
-2 1 -3 29.6
-2 -1 3 29.8
-2 1 3 29.8
-3 -2 -1 29.8
-3 -1 -2 29.9
-1 3 2 29.9
1 3 -2 30.2
-3 -1 2 30.3
1 -2 3 30.6
-1 -3 -2 30.6
-3 1 2 30.7
-1 2 3 30.8
1 2 -3 30.8
1 3 2 31
-2 -3 1 31
-1 -2 3 31.2
3 -1 2 31.3
1 -3 2 31.4
-2 3 1 31.4
3 2 1 31.5 W
2 -1 3 31.6 B
-2 -3 -1 31.9 B
-1 -3 2 32.2 B
1 -3 -2 32.5 B
2 3 1 33.5 B
3 1 2 34.1 B
2 -1 -3 34.2 B
2 1 -3 34.3 B
-3 -2 1 34.4 B
1 -2 -3 35 B
-3 2 1 36.5 B
Old
2395
2361
2347
2345
2187
1411
2085
1124
2415
2185
1054
1325
894
1399
2115
1914
874
1090
1118
1084
826
840
1415
1932
844
1840
1303
878
1393
1920
1936
1154
1319
2365
1828
1052
2413
2149
1156
1307
1824
2083
2399
2155
2121
824
1846
892
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MIN 26.4 26.4 1 1
MAX 36.5 28.6 8 2
30.8 19 3
RANGE 10.1 33 13 4
35.2 6 5
COUNT 48 37.4 1
48
6
MEAN 30.506 
STDEV 2.2083
BIN SIZE 2.2
BIN SIZE 1.1
BIN SIZE 0.6
26.4 1 1
27.5 1 2
28.6 7 3
29.7 9 4
30.8 12 5
31.9 9 6
33 2 7
34.1 2 8
35.2 4 9
36.3 0 10
37.4 1 11
26.4 1 1
27 1 2
27.6 1 3
28.2 2 4
28.8 6 5
29.4 5 6
30 7 7
30.6 4 8
31.2 6 9
31.8 5 10
32.4 2 11
33 1 12
33.6 1 13
34.2 2 14
34.8 2 15
35.4 1 16
36 0 17
36.6 1 18
37.2 0 19
37.8 0 20
38.4 0 21
39 0
48
22
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h k I Fobs DIFF
3
3
1
-1
-2
-2
26.4 B 
26.6 B 0.2
3 -2 -1 27.6 B 1
3 -2 1 27.7 B 0.1
2 *3 -1 27.7 B 0
-1 3 -2 28.3 B 0.6
2 3 -1 28.4 B 0.1
-2 -1 -3 28.4 B 0
3 2 -1 28.4 B 0
2 -3 1 28.7 B 0.3
-2 3 -1 28.8 B 0.1
-1 -2 -3 28.9 B 0.1
-3 2 -1 29 B 0.1
-1 2 -3 29.3 B 0.3
2 1 3 29.4 0.1
1 2 3 29.4 0
-3 1 -2 29.5 0.1
-2 1 -3 29.6 0.1
-2 -1 3 29.8 0.2
-2 1 3 29.8 0
-3 -2 -1 29.8 0
-3 -1 -2 29.9 0.1
-1 3 2 29.9 0
1 3 -2 30.2 0.3
-3 -1 2 30.3 0.1
1 -2 3 30.6 0.3
-1 -3 -2 30.6 0
-3 1 2 30.7 0.1
-1 2 3 30.8 0.1
1 2 -3 30.8 0
1 3 2 31 0.2
-2 -3 1 31 0
-1 -2 3 31.2 0.2
3 -1 2 31.3 0.1
1 -3 2 31.4 0.1
-2 3 1 31.4 0
3 2 1 31.5 W 0.1
2 -1 3 31.6 B 0.1
-2 -3 -1 31.9 B 0.3
-1 -3 2 32.2 B 0.3
1 -3 -2 32.5 B 0.3
2 3 1 33.5 B 1
3 1 2 34.1 B 0.6
2 -1 -3 34.2 B 0.1
2 1 -3 34.3 B 0.1
-3 -2 1 34.4 B 0.1
1 -2 -3 35 B 0.6
-3 2 1 36.5 B 1.5
C L U S T E R
A V E R A G E
S T D E V
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ANALYSIS
0.21489362
0.29998458
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New# h 
22 1
: I F(av) Sig1 Sig2 N
2 12.3 0.5
Old h k I
1913 1 2 4
1432 -1 4 -2
2114 2 1 4
2646 4 -2 1
593 -4 2 -1
1428 -1 4 2
1400 -1 2 -4
1953 1 4 -2
613 -4 1 -2
1125 -2 -1 -4
661 -4 -2 -1
1290 -1 -4 -2
1117 -2 -1 4
1326 -1 -2 -4
1083 -2 1 4
647 -4 -1 -2
1035 -2 4 -1
2148 2 -1 4
2204 2 -4 1
1839 1 -2 4
1091 -2 1 -4
1949 1 4 2
1392 -1 2 4
1037 -2 4 1
1171 -2 -4 -1
2202 2 -4 -1
1286 -1 -4 2
2578 4 2 1
2596 4 1 -2
1807 1 -4 2
2644 4 -2 -1
1318 -1 -2 4
1921 1 2 -4
2630 4 -1 -2
1173 -2 -4 1
2626 4 -1 2
2068 2 4 1
2066 2 4 -1
2576 4 2 -1
643 -4 -1 2
1811 1 -4 -2
2592 4 1 2
609 -4 1 2
1847 1 -2 -4
663 -4 -2 1
2156 2 -1 -4
2122 2 1 -4
595 -4 2 1
Fobs
11.3
11.5
11.5
11.6
11.7
11.7
11.8 
11.8 
11.8 
11.8
11.9
11.9
11.9 
12 
12
12.1
12.1
12.2
12.2
12.2
12.3
12.4
12.4
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.6 
12.6 
12.8 
12.8
13
13.1
13.1
13.3
13.3 W
13.8 B
13.8 B
14.3 B
14.5 B
14.6 B
14.7 B
14.9 B 
15 B
15.8 B
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MIN 11.3 11.3 1 1
MAX 15.8 12.4 22 2
13.5 16 3
RANGE 4.5 14.6 5 4
15.7 3 5
COUNT 48 16.8 1 6
48
MEAN 12.7
STDEV 1.0621
BIN SIZE 1.1
BIN SIZE 0.6 11.3 1 1
11.9 12 2
12.5 17 3
13.1 7 4
13.7 2 5
14.3 2 6
14.9 4 7
15.5 2 8
16.1 1 9
16.7 0 10
48
BIN SIZE 0.3 11.3 1 1
11.6 3 2
11.9 9 3
12.2 7 4
12.5 10 5
12.8 4 6
13.1 3 7
13.4 2 8
13.7 0 9
14 2 10
14.3 1 11
14.6 2 12
14.9 2 13
15.2 1 14
15.5 0 15
15.8 1 16
16.1 0 17
16.4 0 18
16.7 0 19
17 0 20
17.3 0 21
17.6 0 22
48
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h k I Fobs DIFF
1
-1
2
4
4
-2
11.3
11.5 0.2
2 1 4 11.5 0
4 -2 1 11.6 0.1
-4 2 -1 11.7 0.1
-1 4 2 11.7 0
-1 2 -4 11.8 0.1
1 4 -2 11.8 0
-4 1 -2 11.8 0
-2 -1 -4 11.8 0
-4 -2 -1 11.9 0.1
-1 -4 -2 11.9 0
-2 -1 4 11.9 0
-1 -2 -4 12 0.1
-2 1 4 12 0
-4 -1 -2 12.1 0.1
-2 4 -1 12.1 0
2 -1 4 12.2 0.1
2 -4 1 12.2 0
1 -2 4 12.2 0
-2 1 -4 12.3 0.1
1 4 2 12.4 0.1
-1 2 4 12.4 0
-2 4 1 12.5 0.1
-2 -4 -1 12.5 0
2 -4 -1 12.5 0
-1 -4 2 12.5 0
4 2 1 12.5 0
4 1 -2 12.5 0
1 -4 2 12.5 0
4 -2 -1 12.6 0.1
-1 -2 4 12.6 0
1 2 -4 12.8 0.2
4 -1 -2 12.8 0
-2 -4 1 13 0.2
4 -1 2 13.1 0.1
2 4 1 13.1 0
2 4 -1 13.3 0.2
4 2 -1 13.3 W 0
-4 -1 2 13.8 B 0.5
1 -4 -2 13.8 B 0
4 1 2 14.3 B 0.5
-4 1 2 14.5 B 0.2
1 -2 -4 14.6 B 0.1
-4 -2 1 14.7 B 0.1
2 -1 -4 14.9 B 0.2
2 1 -4 15 B 0.1
-4 2 1 15.8 B 0.8
C L U S T E R
A V E R A G E
S T D E V
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ANALYSIS
0.09574468
0.1545786
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New# h 
27 1
I F(av) Sig1 Sig2
3 24.6 0.7 0.3
Old h k
2597 4 1
1433 -1 4
846 -3 -1
2631 4 -1
838 -3 -1
2660 4 -3
880 -3 1
1409 -1 3
927 -3 4
872 -3 1
614 -4 1
2662 4 -3
1301 -1 -3
1291 -1 -4
648 -4 -1
579 -4 3
1938 1 3
2312 3 -4
1948 1 4
2314 3 -4
1954 1 4
2448 3 4
2562 4 3
1830 1 -3
1930 1 3
1806 1 -4
1427 -1 4
1417 -1 3
679 -4 -3
642 -4 -1
1309 -1 -3
793 -3 -4
1285 -1 -4
2560 4 3
2401 3 1
608 -4 1
2367 3 -1
2393 3 1
2625 4 -1
791 -3 -4
2446 3 4
2359 3 -1
925 -3 4
1812 1 -4
1822 1 -3
2591 4 1
677 -4 -3
577 -4 3
96
I Fobs Ol
-3 23 B
-3 23.3
4 23.3
-3 23.4
-4 23.8
1 23.9
4 24
-4 24.1
-1 24.2
-4 24.4
-3 24.4
-1 24.4
-4 24.5
-3 24.6
-3 24.7
-1 24.7
4 24.9
1 24.9
3 25
-1 25
-3 25
-1 25.1
-1 25.1
4 25.1
-4 25.2
3 25.3
3 25.4
4 25.4
-1 25.5
3 26 W
4 26.3 B
-1 26.5 B
3 26.7 B
1 27.2 B
4 27.3 B
3 27.4 B
4 28.5 B
-4 28.5 B
3 28.8 B
1 28.8 B
1 29 B
-4 29.3 B
1 29.6 B
-3 29.6 B
-4 29.7 B
3 29.8 B
1 30.4 B
1 32.2 B
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MIN 23 23 1 1
MAX 32.2 25.3 25 2
27.6 10 3
RANGE 9.2 29.9 10 4
32.2 2 5
COUNT 48 34.5 0 6
48
MEAN 26.108
STDEV 2.2641
BIN SIZE 2.3
BIN SIZE 1.2 23 1 1
24.2 8 2
25.4 19 3
26.6 4 4
27.8 4 5
29 4 6
30.2 6 7
31.4 1 8
32.6 1 9
33.8 0 10
48
BIN SIZE 0.6 23 1 1
23.6 3 2
24.2 5 3
24.8 7 4
25.4 12 5
26 2 6
26.6 2 7
27.2 2 8
27.8 2 9
28.4 0 10
29 5 11
29.6 3 12
30.2 2 13
30.8 1 14
31.4 0 15
32 0 16
32.6 1 17
33.2 0 18
33.8 0 19
34.4 0 20
35 0 21
35.6 0 22
48
 1
34.5
20 
15 
10 
5 
0
23 24.2 25.4 26.6 27.8 29 30.2 31.4 32.6 33.8
14
12  - -
10 - -
8 - -
6 -
4 --
2 - -
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h k I Fobs DIFF
4
-1
1
4
-3
-3
23 B 
23.3 0.3
-3 -1 4 23.3 0
4 -1 -3 23.4 0.1
-3 -1 -4 23.8 0.4
4 -3 1 23.9 0.1
-3 1 4 24 0.1
-1 3 -4 24.1 0.1
-3 4 -1 24.2 0.1
-3 1 -4 24.4 0.2
-4 1 -3 24.4 0
4 -3 -1 24.4 0
-1 -3 -4 24.5 0.1
-1 -4 -3 24.6 0.1
-4 -1 -3 24.7 0.1
-4 3 -1 24.7 0
1 3 4 24.9 0.2
3 -4 1 24.9 0
1 4 3 25 0.1
3 -4 -1 25 0
1 4 -3 25 0
3 4 -1 25.1 0.1
4 3 -1 25.1 0
1 -3 4 25.1 0
1 3 -4 25.2 0.1
1 -4 3 25.3 0.1
-1 4 3 25.4 0.1
-1 3 4 25.4 0
-4 -3 -1 25.5 0.1
-4 -1 3 26 W 0.5
-1 -3 4 26.3 B 0.3
-3 -4 -1 26.5 B 0.2
-1 -4 3 26.7 B 0.2
4 3 1 27.2 B 0.5
3 1 4 27.3 B 0.1
-4 1 3 27.4 B 0.1
3 -1 4 28.5 B 1.1
3 1 -4 28.5 B 0
4 -1 3 28.8 B 0.3
-3 -4 1 28.8 B 0
3 4 1 29 B 0.2
3 -1 -4 29.3 B 0.3
-3 4 1 29.6 B 0.3
1 -4 -3 29.6 B 0
1 -3 -4 29.7 B 0.1
4 1 3 29.8 B 0.1
-4 -3 1 30.4 B 0.6
-4 3 1 32.2 B 1.8
CLUSTER
AVERAGE
STDEV
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ANALYSIS
0.19574468
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New# h k
31 2 3
I F(av) Sig1 Sig2 N
11 0.4 0.2 36
Old h k I
821 -3 -2 4
2080 2 3 4
829 -3 -2 -4
1057 -2 3 -4
1033 -2 4 -3
580 -4 3 -2
928 -3 4 -2
1151 -2 -3 4
1159 -2 -3 -4
2574 4 2 -3
2070 2 4 3
2659 4 -3 2
680 -4 -3 -2
889 -3 2 4
1169 -2 -4 -3
897 -3 2 -4
1175 -2 -4 3
1039 -2 4 3
665 -4 -2 3
591 -4 2 -3
659 -4 -2 -3
794 -3 -4 -2
2642 4 -2 -3
597 -4 2 3
2663 4 -3 -2
2449 3 4 -2
1049 -2 3 4
2315 3 -4 -2
2182 2 -3 4
790 -3 -4 2
2206 2 -4 3
2064 2 4 -3
2311 3 -4 2
924 -3 4 2
2563 4 3 -2
2410 3 2 4
2342 3 -2 4
2200 2 -4 -3
2418 3 2 -4
2445 3 4 2
2088 2 3 -4
676 -4 -3 2
2648 4 -2 3
576 -4 3 2
2559 4 3 2
2350 3 -2 -4
2580 4 2 3
2190 2 -3 -4
Fobs
10.1
10.1 W
10.2
10.4
10.4 
10.6
10.7
10.7
10.8 
10.8 
10.8 
10.8
10.9
10.9
10.9
10.9
V 
1 
1 
1 
1
V 
11.2 
11.2 
11.2
11.3
11.3
11.3
11.4
11.4
11.5
11.5
11.6 
11.6 
11.8 
11.8 
12.5 B
12.7 B
12.9 B
12.9 B
12.9 B
13.2 B
13.4 B
13.5 B
13.5 B
13.7 B
13.9 B
14.2 B
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MIN
M AX
R A N G E
C O U N T
M E A N
S T D E V
BIN SIZE
BIN SIZE
BIN SIZE
10.1 10.1 2
14.2 11.2 23
12.3 11
4.1 13.4 6
14.5 6
48 15.6 0
48
11.571
1.0925
1.1
2
3
4
5
6
10.1 2 1
10.7 6 2
2 ° j11.3 17 3
11.9 11 4 15 --
12.5 0 5
13.1 5 6 10 --
13.7 4 7
14.3 3 8 5 --
14.9 0 9
15.5 0 10
48
0.6 10.1 2 1
10.7 6 2
11.3 17 3
11.9 11 4
12.5 0 5
13.1 5 6
13.7 4 7
14.3 3 8
14.9 0 9
15.5 0 10
16.1 0 11
16.7 0 12
17.3 0 13
17.9 0 14
18.5 0 15
19.1 0 16
19.7 0 17
20.3 0 18
20.9 0 19
21.5 0 20
22.1 0 21
22.7 0
48
22
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h k I Fobs DIFF
-3 -2 4 10.1
2 3 4 10.1 W 0
-3 -2 -4 10.2 0.1
-2 3 -4 10.4 0.2
-2 4 -3 10.4 0
-4 3 -2 10.6 0.2
-3 4 -2 10.7 0.1
-2 -3 4 10.7 0
-2 -3 -4 10.8 0.1
4 2 -3 10.8 0
2 4 3 10.8 0
4 -3 2 10.8 0
-4 -3 -2 10.9 0.1
-3 2 4 10.9 0
-2 -4 -3 10.9 0
-3 2 -4 10.9 0
-2 -4 3 11 0.1
-2 4 3 11 0
-4 -2 3 11 0
-4 2 -3 11 0
-4 -2 -3 11 0
-3 -4 -2 11 0
4 -2 -3 11.2 0.2
-4 2 3 11.2 0
4 -3 -2 11.2 0
3 4 -2 11.3 0.1
-2 3 4 11.3 0
3 -4 -2 11.3 0
2 -3 4 11.4 0.1
-3 -4 2 11.4 0
2 -4 3 11.5 0.1
2 4 -3 11.5 0
3 -4 2 11.6 0.1
-3 4 2 11.6 0
4 3 -2 11.8 0.2
3 2 4 11.8 0
3 -2 4 12.5 B 0.7
2 -4 -3 12.7 B 0.2
3 2 -4 12.9 B 0.2
3 4 2 12.9 B 0
2 3 -4 12.9 B 0
-4 -3 2 13.2 B 0.3
4 -2 3 13.4 B 0.2
-4 3 2 13.5 B 0.1
4 3 2 13.5 B 0
3 -2 -4 13.7 B 0.2
4 2 3 13.9 B 0.2
2 -3 -4 14.2 B 0.3
CLUSTER
AVERAGE
STDEV
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ANALYSIS
0.08723404
0.12957627
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New# h k
33 1 2
I F(av) Sig1 Sig2 N Old
5  22.8 0.7 0.3 37
h k I Fobs
— - - - —
1444 -1 5 -2 20.5 B
2113 2 1 5 21.7
2783 5 -2 1 21.7
1126 -2 -1 -5 21.8
2827 5 1 -2 21.8
438 -5 1 -2 22.1
408 -5 -1 -2 22.1
1021 -2 5 -1 22.1
2147 2 -1 5 22.3
1401 -1 2 -5 22.4
2785 5 -2 ■ -1 22.4
1965 1 5 -2 22.4
2797 5 -1 -2 22.5
1082 -2 1 5 22.5
396 -5 -2 -1 22.6
1912 1 2 5 22.6
1092 -2 1 -5 22.6
1327 -1 -2 -5 22.6
1448 -1 5 2 22.6
2845 5 2 -1 22.6
1391 -1 2 5 22.7
456 -5 2 -1 23
2050 2 5 1 23.1
1838 1 -2 5 23.1
1116 -2 -1 5 23.2
1969 1 5 2 23.2
2220 2 -5 -1 23.2
2801 5 -1 2 23.3
2218 2 -5 1 23.3
2052 2 5 -1 23.3
2843 5 2 1 23.4
1795 1 -5 2 23.5
1270 -1 -5 -2 23.6
1189 -2 -5 -1 23.8
1019 -2 5 1 23.8
1274 -1 -5 2 23.9
1317 -1 -2 5 23.9
1922 1 2 -5 24.2 W
1187 -2 -5 1 25 B
1791 1 -5 -2 25.9 B
2831 5 1 2 26.4 B
1848 1 -2 -5 27.4 B
2123 2 1 -5 28.1 B
2157 2 -1 -5 28.5 B
394 -5 -2 1 29.1 B
412 -5 -1 2 30.9 B
442 -5 1 2 31.3 B
454
102
-5 2 1 31.4 B
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MIN
M AX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
20.5 20.5 1 1
31.4 23.1 23 2
25.7 15 3
10.9 28.3 4 4
30.9 3 5
48
23.946
2.6065
33.5 2
48
6
2.6
1.3 20.5 1 1
21.8 4 2
23.1 19 3
24.4 14 4
25.7 1 5
27 2 6
28.3 2 7
29.6 2 8
30.9 1 9
32.2 2
48
10
0.6 20.5 1 1
21.1 0 2
21.7 2 3
22.3 6 4
22.9 12 5
23.5 11 6
24.1 5 7
24.7 1 8
25.3 1 9
25.9 1 10
26.5 1 11
27.1 0 12
27.7 1 13
28.3 1 14
28.9 1 15
29.5 1 16
30.1 0 17
30.7 0 18
31.3 2 19
31.9 1 20
32.5 0 21
33.1 0
48
22
14
12  - -
10 - -
20.5 21.8 23.1 24.4 25.7 27 28.3 29.6 30.9 32.2
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h k I Fobs DIFF
-1 5 -2 20.5 B
2 1 5 21.7 1.2
5 -2 1 21.7 0
-2 -1 -5 21.8 0.1
5 1 -2 21.8 0
-5 1 -2 22.1 0.3
-5 -1 -2 22.1 0
-2 5 -1 22.1 0
2 -1 5 22.3 0.2
*1 2 -5 22.4 0.1
5 -2 -1 22.4 0
1 5 -2 22.4 0
5 -1 -2 22.5 0.1
-2 1 5 22.5 0
-5 -2 -1 22.6 0.1
1 2 5 22.6 0
-2 1 -5 22.6 0
-1 -2 -5 22.6 0
-1 5 2 22.6 0
5 2 -1 22.6 0
-1 2 5 22.7 0.1
-5 2 -1 23 0.3
2 5 1 23.1 0.1
1 -2 5 23.1 0
-2 -1 5 23.2 0.1
1 5 2 23.2 0
2 -5 -1 23.2 0
5 -1 2 23.3 0.1
2 -5 1 23.3 0
2 5 -1 23.3 0
5 2 1 23.4 0.1
1 -5 2 23.5 0.1
-1 -5 -2 23.6 0.1
-2 -5 -1 23.8 0.2
-2 5 1 23.8 0
-1 -5 2 23.9 0.1
-1 -2 5 23.9 0
1 2 -5 24.2 W 0.3
-2 -5 1 25 B 0.8
1 -5 -2 25.9 B 0.9
5 1 2 26.4 B 0.5
1 -2 -5 27.4 B 1
2 1 -5 28.1 B 0.7
2 -1 -5 28.5 B 0.4
-5 -2 1 29.1 B 0.6
-5 -1 2 30.9 B 1.8
-5 1 2 31.3 B 0.4
-5 2 1 31.4 B 0.1
CLUSTER
AVERAGE
S T D E V
104
AN ALYSIS
0.23191489
0.37596622
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New# h k I F(av) Sig1 Sig2 N Old h k I Fobs
39 1 5 3 9.6 0.6 0.2 37 847 -3 -1 5 8.4
1443 -1 5 -3 8.4
1939 1 3 5 8.8
871 -3 1 - 5  9
1970 1 5 3 9
940 -3 5 -1 9.1
437 -5 1 -3 9.1
881 -3 1 5 9.2
1300 -1 -3 -5 9.2
1964 1 5 -3 9.2
1408 -1 3 -5 9.2
837 -3 -1 -5 9.2
1275 -1 -5 3 9.3
1796 1 -5 3 9.3
1418 -1 3 5 9.4
1831 1 -3 5 9.4
1449 -1 5 3 9.4
1269 -1 -5 -3 9.5
407 -5 -1 -3 9.5
379 -5 -3 -1 9.5
1310 -1 -3 5 9.7
2796 5 -1 -3 9.8
469 -5 3 -1 9.9
2770 5 -3 1 9.9
776 -3 -5 -1 9.9
2826 5 1 -3 9.9
2299 3 -5 1 10
2858 5 3 -1 10
2297 3 -5 -1 10.1
2768 5 -3 -1 10.2
2368 3 -1 5 10.3
1929 1 3 -5 10.4
2461 3 5 -1 10.4
2402 3 1 5 10.5
2860 5 3 1 10.7
778 -3 -5 1 10.8
942 -3 5 1 10.9 W
443 -5 1 3 11.1 B
413 -5 -1 3 11.2 B
1790 1 -5 -3 11.3 B
2802 5 -1 3 11.4 B
2463 3 5 1 11.5 B
2832 5 1 3 11.6 B
381 -5 -3 1 11.7B
1821 1 -3 -5 11.9 B
2392 3 1 -5 12 B
2358 3 -1 -5 12.3 B
471 -5 3 1 12.5 B
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MIN 8.4 8.4 2 1
MAX 12.5 9.4 15 2
10.4 16 3
RANGE 4.1 11.4 8 4
12.4 6 5
COUNT 48 13.4 1 6
48
MEAN 10.104 
STDEV 1.0482
BIN SIZE 1
BIN SIZE 0.5 8.4 2 1
8.9 1 2
9.4 14 3
9.9 9 4
10.4 7 5
10.9 4 6
11.4 4 7
11.9 4 8
12.4 2 9
12.9 1 10
48
BIN SIZE 0.3 8.4 2 1
8.7 0 2
9 3 3
9.3 9 4
9.6 6 5
9.9 6 6
10.2 4 7
10.5 4 8
10.8 2 9
11.1 2 10
11.4 3 11
11.7 3 12
12 2 13
12.3 1 14
12.6 1 15
12.9 0 16
13.2 0 17
13.5 0 18
13.8 0 19
14.1 0 20
14.4 0 21
14.7 0 22
48
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h k I Fobs DIFF
-3
-1
-1
5
5
-3
8.4
8.4 0
1 3 5 8.8 0.4
-3 1 -5 9 0.2
1 5 3 9 0
-3 5 -1 9.1 0.1
-5 1 -3 9.1 0
-3 1 5 9.2 0.1
-1 -3 -5 9.2 0
1 5 -3 9.2 0
-1 3 -5 9.2 0
-3 -1 -5 9.2 0
-1 -5 3 9.3 0.1
1 -5 3 9.3 0
-1 3 5 9.4 0.1
1 -3 5 9.4 0
-1 5 3 9.4 0
-1 -5 -3 9.5 0.1
-5 -1 -3 9.5 0
-5 -3 -1 9.5 0
-1 -3 5 9.7 0.2
5 -1 -3 9.8 0.1
-5 3 -1 9.9 0.1
5 -3 1 9.9 0
-3 -5 -1 9.9 0
5 1 -3 9.9 0
3 -5 1 10 0.1
5 3 -1 10 0
3 -5 -1 10.1 0.1
5 -3 -1 10.2 0.1
3 -1 5 10.3 0.1
1 3 -5 10.4 0.1
3 5 -1 10.4 0
3 1 5 10.5 0.1
5 3 1 10.7 0.2
-3 -5 1 10.8 0.1
-3 5 1 10.9 W 0.1
-5 1 3 11.1 B 0.2
-5 -1 3 11.2 B 0.1
1 -5 -3 11.3 B 0.1
5 -1 3 11.4 B 0.1
3 5 1 11.5 B 0.1
5 1 3 11.6 B 0.1
-5 -3 1 11.7 B 0.1
1 -3 -5 11.9 B 0.2
3 1 -5 12 B 0.1
3 -1 -5 12.3 B 0.3
-5 3 1 12.5 B 0.2
CLUSTER
AVERAGE
STDEV
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ANALYSIS
0.08723404
0.08751899
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New# h k
43 2 5
I F(av) Sig1 Sig2
3 20.4 0.8 0.3
Old h k
939 -3 5
898 -3 2
830 -3 -2
888 -3 2
2847 5 2
2048 2 5
1023 -2 5
1058 -2 3
1160 -2 -3
820 -3 -2
2787 5 -2
1191 -2 -5
468 -5 3
458 -5 2
2460 3 5
2079 2 3
1017 -2 5
2767 5 -3
378 -5 -3
2300 3 -5
398 -5 -2
2857 5 3
2296 3 -5
1048 -2 3
775 -3 -5
2181 2 -3
2771 5 -3
779 -3 -5
1185 -2 -5
943 -3 5
2054 2 5
1150 -2 -3
2216 2 -5
2409 3 2
2341 3 -2
2089 2 3
2464 3 5
2781 5 -2
2419 3 2
2222 2 -5
2861 5 3
2351 3 -2
2841 5 2
452 -5 2
2191 2 -3
392 -5 -2
382 -5 -3
472 -5 3
108
I Fobs 01
-2 19.2
-5 19.3
-5 19.4
5 19.4
-3 19.4
3 19.5
-3 19.6
-5 19.6
-5 19.6
5 19.7
-3 19.9
-3 19.9
-2 20
-3 20
-2 20.1
5 20.2
3 20.2
-2 20.4
-2 20.5
2 20.6
-3 20.6
-2 20.6
-2 20.7
5 20.7
-2 20.8
5 21
2 21.2
2 21.3
3 21.5
2 21.6
-3 21.6
5 21.7
3 21.7
5 21.8 W
5 23 B
-5 23.4 B
2 23.5 B
3 23.7 B
-5 24.6 B
-3 24.8 B
2 24.9 B
-5 25.6 B
3 26 B
3 26 B
-5 26.1 B
3 26.2 B
2 27.4 B
2 27.5 B
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
19.2 19.2 1 1
27.5 21.6 28 2
24 9 3
8.3 26.4 8 4
28.8 2 5
48
21.792 
2.4295
31.2 0
48
6
2.4
1.2 19.2 1 1
20.4 17 2
21.6 11 3
22.8 5 4
24 4 5
25.2 3 6
26.4 5 7
27.6 2 8
28.8 0 9
30 0
48
10
0.6 19.2 1 1
19.8 9 2
20.4 8 3
21 8 4
21.6 5 5
22.2 3 6
22.8 0 7
23.4 2 8
24 2 9
24.6 1 10
25.2 2 11
25.8 1 12
26.4 4 13
27 0 14
27.6 2 15
28.2 0 16
28.8 0 17
29.4 0 18
30 0 19
30.6 0 20
31.2 0 21
31.8 0
48
22
19.2 20.4 21.6 22.8 24 25.2 26.4 27.6 28.8
CM CO r f
a i O) Ov— CM
CO <£> CM CO ■^r r* - CO CM
cm' CO CM lO to < o CM cdCM CM CM CM CM CM CM CM
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h k I Fobs DIFF
-3 5 -2 19.2
-3 2 -5 19.3 0.1
-3 -2 -5 19.4 0.1
-3 2 5 19.4 0
5 2 -3 19.4 0
2 5 3 19.5 0.1
-2 5 -3 19.6 0.1
-2 3 -5 19.6 0
-2 -3 -5 19.6 0
-3 -2 5 19.7 0.1
5 -2 -3 19.9 0.2
-2 -5 -3 19.9 0
-5 3 -2 20 0.1
-5 2 -3 20 0
3 5 -2 20.1 0.1
2 3 5 20.2 0.1
-2 5 3 20.2 0
5 -3 -2 20.4 0.2
-5 -3 -2 20.5 0.1
3 -5 2 20.6 0.1
-5 -2 -3 20.6 0
5 3 -2 20.6 0
3 -5 -2 20.7 0.1
-2 3 5 20.7 0
-3 -5 -2 20.8 0.1
2 -3 5 21 0.2
5 -3 2 21.2 0.2
-3 -5 2 21.3 0.1
-2 -5 3 21.5 0.2
-3 5 2 21.6 0.1
2 5 -3 21.6 0
-2 -3 5 21.7 0.1
2 -5 3 21.7 0
3 2 5 21.8 W 0.1
3 -2 5 23 B 1.2
2 3 -5 23.4 B 0.4
3 5 2 23.5 B 0.1
5 -2 3 23.7 B 0.2
3 2 -5 24.6 B 0.9
2 -5 -3 24.8 B 0.2
5 3 2 24.9 B 0.1
3 -2 -5 25.6 B 0.7
5 2 3 26 B 0.4
-5 2 3 26 B 0
2 -3 -5 26.1 B 0.1
-5 -2 3 26.2 B 0.1
-5 -3 2 27.4 B 1.2
-5 3 2 27.5 B 0.1
CLUSTER
AVERAGE
STDEV
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ANALYSIS
0.17659574
0.27679279
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New# h k
46 1 6
I F(av) Sig1 Sig2 N Old h k I Fobs
10 0.5 0.2 37 1462 -1 6 -2 9
9.2
9.5
9.5
9.6
9.6
9.6
9.7
9.7
9.7
9.7
9.7
9.9
9.9
9.9
9.9
9.9
9.9 
10
10.1 
10.1 
10.1 
10.2 
10.2 
10.2
10.3
10.3
10.3
10.3
10.3
10.4
10.4
10.5
10.7
10.8 
11
11.2 W
11.5 B
11.5 B
11.8 B
12 B
12.7 B
12.8 B
12.9 B
13.2 B
13.3 B
13.5 B
13.5 B
111
ld h I
2 -1 -
1911 1 2 6
1201 -2 -6 -1
1979 1 6 2
1458 -1 6 2
1837 1 -2 6
2112 2 1 6
1256 -1 -6 2
275 -6 -1 -2
1983 1 6 -2
1390 -1 2 6
249 -6 1 -2
1093 -2 1 -6
1127 -2 -1 -6
1777 1 -6 2
2038 2 6 1
285 -6 -2 -1
1081 -2 1 6
1005 -2 6 -1
2146 2 -1 6
1115 -2 -1 6
1260 -1 -6 -2
2232 2 -6 -1
2968 6 1 -2
3006 6 -2 1
1328 -1 -2 -6
1007 -2 6 1
1402 -1 2 -6
2994 6 -1 -2
1316 -1 -2 6
1203 -2 -6 1
2036 2 6 -1
2952 6 2 -1
3004 6 -2 -1
2234 2 -6 1
2990 6 -1 2
233 -6 2 -1
2954 6 2 1
1781 1 -6 -2
1923 1 2 -6
2964 6 1 2
1849 1 -2 -6
271 -6 -1 2
287 -6 -2 1
2124 2 1 -6
2158 2 -1 -6
245 -6 1 2
235 -6 2 1
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MIN 9 9 1 1
MAX 13.5 10.2 24 2
11.4 12 3
RANGE 4.5 12.6 4 4
13.8 7 5
COUNT 48 15 0
48
6
MEAN 10.625 
STDEV 1.2207
BIN SIZE 1.2
BIN SIZE 0.6
BIN SIZE 0.3
9 1 1
9.6 6 2
10.2 18 3
10.8 9 4
11.4 3 5
12 3 6
12.6 1 7
13.2 3 8
13.8 4 9
14.4 0
48
10
9 1 1
9.3 1 2
9.6 5 3
9.9 11 4
10.2 7 5
10.5 8 6
10.8 2 7
11.1 1 8
11.4 1 9
11.7 2 10
12 2 11
12.3 0 12
12.6 0 13
12.9 3 14
13.2 1 15
13.5 3 16
13.8 0 17
14.1 0 18
14.4 0 19
14.7 0 20
15 0 21
15.3 0
48
22
12
10 - -
8 - -
6  - -
4 --
2  - -
cn co co ra cm m  co
O  05 05 o  o  o
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h-1
k
6
I
-2
Fobs
9
DIFF
1 2 6 9.2 0.2
-2 -6 -1 9.5 0.3
1 6 2 9.5 0
-1 6 2 9.6 0.1
1 -2 6 9.6 0
2 1 6 9.6 0
-1 -6 2 9.7 0.1
-6 -1 -2 9.7 0
1 6 -2 9.7 0
-1 2 6 9.7 0
-6 1 -2 9.7 0
-2 1 -6 9.9 0.2
-2 -1 -6 9.9 0
1 -6 2 9.9 0
2 6 1 9.9 0
-6 -2 -1 9.9 0
-2 1 6 9.9 0
-2 6 -1 10 0.1
2 -1 6 10.1 0.1
-2 -1 6 10.1 0
-1 -6 -2 10.1 0
2 -6 -1 10.2 0.1
6 1 -2 10.2 0
6 -2 1 10.2 0
-1 -2 -6 10.3 0.1
-2 6 1 10.3 0
-1 2 -6 10.3 0
6 -1 -2 10.3 0
-1 -2 6 10.3 0
-2 -6 1 10.4 0.1
2 6 -1 10.4 0
6 2 -1 10.5 0.1
6 -2 -1 10.7 0.2
2 -6 1 10.8 0.1
6 -1 2 11 0.2
-6 2 -1 11.2 W 0.2
6 2 1 11.5 B 0.3
1 -6 -2 11.5 B 0
1 2 -6 11.8 B 0.3
6 1 2 12 B 0.2
1 -2 -6 12.7 B 0.7
-6 -1 2 12.8 B 0.1
-6 -2 1 12.9 B 0.1
2 1 -6 13.2 B 0.3
2 -1 -6 13.3 B 0.1
-6 1 2 13.5 B 0.2
-6 2 1 13.5 B 0
CLUSTER
AVERAGE
STDEV
113
AN ALYSIS
0.09574468
0.13344507
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New# h k
49 1 5
I F(av) Sig1 Sig2
4  19.9 0.8 0.3
Old h k
640 -4 -1
1442 -1 5
1435 -1 4
606 -4 1
650 -4 -1
406 -5 -1
1946 1 4
1963 1 5
616 -4 1
367 -5 -4
1971 1 5
436 -5 1
1797 1 -5
2754 5 -4
1804 1 -4
1425 -1 4
2533 4 5
1293 -1 -4
1268 -1 -5
1450 -1 5
1956 1 4
2691 4 -5
2689 4 -5
550 -4 5
708 -4 -5
2874 5 4
2756 5 -4
1276 -1 -5
1283 -1 -4
485 -5 4
2825 5 1
2795 5 -1
444 -5 1
414 -5 -1
2872 5 4
2589 4 1
2531 4 5
706 -4 -5
2623 4 -1
2633 4 -1
2599 4 1
2833 5 1
1789 1 -5
2803 5 -1
1814 1 -4
365 -5 -4
548 -4 5
483 -5 4
114
I Fobs Ol
5 17.4 B
-4 17.4 B
-5 17.9 B
5 18.6
-5 18.7
-4 18.8
5 18.9
-4 19.1
-5 19.1
-1 19.3
4 19.3
-4 19.3
4 19.3
1 19.4
5 19.4
5 19.6
-1 19.8
-5 19.9
-4 20.1
4 20.1
-5 20.1
-1 20.2
1 20.3
-1 20.3
-1 20.5
-1 20.5
-1 20.6
4 20.7
5 20.8
-1 20.9
-4 21
-4 21.5 W
4 22.3 B
4 22.3 B
1 22.5 B
5 22.8 B
1 22.8 B
1 23.1 B
5 23.8 B
-5 23.8 B
-5 24 B
4 24.3 B
-4 24.4  B
4 24.4  B
-5 24.5 B
1 24.6 B
1 24 .7  B
1 26.2  B
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MIN
M AX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
17.4 17.4 2 1
26.2 19.6 13 2
21.8 17 3
8.8 24 8 4
26.2 7 5
48
21.027  
2.2148
28.4 1
48
6
2.2
1.1 17.4 2 1
18.5 1 2
19.6 13 3
20.7 12 4
21.8 4 5
22.9 5 6
24 4 7
25.1 6 8
26.2 1 9
27.3 0
48
10
0.6 17.4 2 1
18 1 2
18.6 1 3
19.2 5 4
19.8 8 5
20.4 7 6
21 7 7
21.6 1 8
22.2 0 9
22.8 5 10
23.4 1 11
24 3 12
24.6 5 13
25.2 1 14
25.8 0 15
26.4 1 16
27 0 17
27.6 0 18
28.2 0 19
28.8 0 20
29.4 0 21
30 0
48
22
• ^ • o o c o c M o o ^ r ^ - i q c N j c o T T T r t o c v i c o T r r ^
^  cd o i a i o  ^  c\i c \i co w  r f  in  to cd ^t- T- *— *- 04 CM CM CM CM OJ CM CM CM
17.4 19.6 21.8 24 26.2 28.4
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h k I Fobs DIFF
-4 -1 5 17.4 B
-1 5 -4 17.4 B 0
-1 4 -5 17.9 B 0.5
-4 1 5 18.6 0.7
-4 -1 -5 18.7 0.1
-5 -1 -4 18.8 0.1
1 4 5 18.9 0.1
1 5 -4 19.1 0.2
-4 1 -5 19.1 0
-5 -4 -1 19.3 0.2
1 5 4 19.3 0
-5 1 -4 19.3 0
1 -5 4 19.3 0
5 -4 1 19.4 0.1
1 -4 5 19.4 0
-1 4 5 19.6 0.2
4 5 -1 19.8 0.2
-1 -4 -5 19.9 0.1
-1 -5 -4 20.1 0.2
-1 5 4 20.1 0
1 4 -5 20.1 0
4 -5 -1 20.2 0.1
4 -5 1 20.3 0.1
-4 5 -1 20.3 0
-4 -5 -1 20.5 0.2
5 4 -1 20.5 0
5 -4 -1 20.6 0.1
-1 -5 4 20.7 0.1
-1 -4 5 20.8 0.1
-5 4 -1 20.9 0.1
5 1 -4 21 0.1
5 -1 -4 21.5 W 0.5
-5 1 4 22.3 B 0.8
-5 -1 4 22.3 B 0
5 4 1 22.5 B 0.2
4 1 5 22.8 B 0.3
4 5 1 22.8 B 0
-4 -5 1 23.1 B 0.3
4 -1 5 23.8 B 0.7
4 -1 -5 23.8 B 0
4 1 -5 24 B 0.2
5 1 4 24.3 B 0.3
1 -5 -4 24.4 B 0.1
5 -1 4 24.4 B 0
1 -4 -5 24.5 B 0.1
-5 -4 1 24.6 B 0.1
-4 5 1 24.7 B 0.1
-5 4 1 26.2 B 1.5
CLUSTER
AVERAGE
STDEV
ANALYSIS
0.18723404
0.27474654
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New# h k
53 4 5
1 F(av) Sig1 Sig2
2 9.2 0.5 0.2
Old h k
1024 -2 5
1192 -2 -5
1031 -2 4
657 -4 -2
399 -5 -2
599 -4 2
667 -4 -2
1041 -2 4
459 -5 2
1167 -2 -4
2072 2 4
486 -5 4
589 -4 2
2047 2 5
1016 -2 5
2688 4 -5
1184 -2 -5
368 -5 -4
551 -4 5
2534 4 5
2208 2 -4
2875 5 4
1177 -2 -4
2692 4 -5
2753 5 -4
2757 5 -4
709 -4 -5
2215 2 -5
2055 2 5
2788 5 -2
2848 5 2
391 -5 -2
2062 2 4
451 -5 2
705 -4 -5
2582 4 2
2572 4 2
2780 5 -2
547 -4 5
2650 4 -2
2530 4 5
2640 4 -2
2223 2 -5
2840 5 2
364 -5 -4
2198 2 -4
2871 5 4
482
117
-5 4
I Fobs Ol
-4 8.6
-4 8.6
-5 8.6
-5 8.6
-4 8.7
5 8.7
5 8.7
5 8.7
-4 8.9
-5 8.9
5 9
-2 9
-5 9
4 9.1
4 9.1
2 9.1
4 9.2
-2 9.2
-2 9.2
-2 9.4
5 9.4
-2 9.5
5 9.5
-2 9.6
2 9.6
-2 9.6
-2 9.6
4 9.7
-4 9.8
-4 10
-4 10.2
4 10.3 W
-5 10.6 B
4 10.7 B
2 10.8 B
5 11 B
-5 11.1 B
4 11.1 B
2 11.1 B
5 11.2 B
2 11.6 B
-5 11.6 B
-4 11.8 B
4 11.8 B
2 11.8 B
-5 11.9 B
2 11.9 B
2 12.2 B
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
8.6 4 1
9.7 24 2
10.8 6 3
11.9 11 4
13 3 5
14.1 0
48
6
9.9438
1.1374
1.1
0.6 8.6 4 1
9.2 15 2
9.8 9 3
10.4 4 4
11 3 5
11.6 5 6
12.2 7 7
12.8 1 8
13.4 0 9
14 0
48
10
0.3 8.6 4 1
8.9 6 2
9.2 9 3
9.5 4 4
9.8 6 5
10.1 1 6
10.4 2 7
10.7 2 8
11 2 9
11.3 4 10
11.6 2 11
11.9 5 12
12.2 1 13
12.5 0 14
12.8 0 15
13.1 0 16
13.4 0 17
13.7 0 18
14 0 19
14.3 0 20
14.6 0 21
14.9 0 22
48
30 Y
25 --
8.6 9.7 10.8 11.9 13 14.1
10
CO o CM ID CO i— r- 1—  CO CO 05 CM m CO T~
CO CO* 05 05* 05 o o o ^ z ^Z CM CM* CM* co
8.6 9.2 9.8 10.4 11 11.6 12.2 12.8 13.4 14
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h k 1 Fobs DIFF
-2 5 -4 8.6
-2 -5 -4 8.6 0
-2 4 -5 8.6 0
-4 -2 -5 8.6 0
-5 -2 -4 8.7 0.1
-4 2 5 8.7 0
-4 -2 5 8.7 0
-2 4 5 8.7 0
-5 2 -4 8.9 0.2
-2 -4 -5 8.9 0
2 4 5 9 0.1
-5 4 -2 9 0
-4 2 -5 9 0
2 5 4 9.1 0.1
-2 5 4 9.1 0
4 -5 2 9.1 0
-2 -5 4 9.2 0.1
-5 -4 -2 9.2 0
-4 5 -2 9.2 0
4 5 -2 9.4 0.2
2 -4 5 9.4 0
5 4 -2 9.5 0.1
-2 -4 5 9.5 0
4 -5 -2 9.6 0.1
5 -4 2 9.6 0
5 -4 -2 9.6 0
-4 -5 -2 9.6 0
2 -5 4 9.7 0.1
2 5 -4 9.8 0.1
5 -2 -4 10 0.2
5 2 -4 10.2 0.2
-5 -2 4 10.3 W 0.1
2 4 -5 10.6 B 0.3
-5 2 4 10.7 B 0.1
-4 -5 2 10.8 B 0.1
4 2 5 11 B 0.2
4 2 -5 11.1 B 0.1
5 -2 4 11.1 B 0
-4 5 2 11.1 B 0
4 -2 5 11.2 B 0.1
4 5 2 11.6 B 0.4
4 -2 -5 11.6 B 0
2 -5 -4 11.8 B 0.2
5 2 4 11.8 B 0
-5 -4 2 11.8 B 0
2 -4 -5 11.9 B 0.1
5 4 2 11.9 B 0
-5 4 2 12.2 B 0.3
CLUSTER
AVERAGE
STDEV
119
ANALYSIS
0.07659574
0.09827372
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New# h
54 1 3
I F(av) Sig1 Sig2
6 18.8 0.7 0.3
Old h k
1984 1 6
1463 -1 6
848 -3
276 -6 -1
2969 6 1
882 -3 1
2995 6 -1
250 -6 1
1407 -1 3
1419 -1 3
3017 6 -3
3019 6 -3
2941 6 3
1940 1 3
956 -3 6
1776 1 -6
870 -3 1
836 -3 -1
1457 -1 6
1261 -1 -6
2477 3 6
764 -3 -6
1832 1 -3
2283 3 -6
1978 1 6
1255 -1 -6
1311 -1 -3
2285 3 -6
300 -6 -3
1299 -1 -3
2369 3 -1
2403 3 1
2939 6 3
1928 1 3
762 -3 -6
2989 6 -1
954 -3 6
222 -6 3
1782 1 -6
2963 6 1
2475 3 6
1820 1 -3
2391 3 1
2357 3 -1
298 -6 -3
270 -6 -1
244 -6 1
220 -6 3
120
I Fobs Ol
-3 17.3 W
-3 17.7
6 17.7
-3 17.7
-3 17.9
6 18.1
-3 18.1
-3 18.4
-6 18.6
6 18.6
1 18.6
-1 18.6
-1 18.7
6 18.9
-1 18.9
3 18.9
-6 19
-6 19.1
3 19.1
-3 19.2
-1 19.2
-1 19.3
6 19.4
1 19.4
3 19.4
3 19.4
6 19.5
-1 19.7
-1 19.7
-6 20.2
6 20.6 B
6 21 B
1 21.1 B
-6 21.4 B
1 21.6 B
3 22.2 B
1 22.2 B
-1 22.3 B
-3 23.3 B
3 23.5 B
1 23.6 B
-6 24.4 B
-6 24.4 B
-6 24.8 B
1 25.1 B
3 25.3 B
3 26.1 B
1 26.6 B
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
17.3
26.6
9.3
48
20.496
2.5256
2.5
17.3 1 1 30 j
19.8 28 2 25 --
22.3 9 3 20 --
24.8 6 4
15 --27.3 4 5
29.8 0 6 10 --
48 5 --
0 -P
17.3 19.8 22.3 24.8 27.3 29.8
0.7
17.3 1 1
18.6 11 2
19.9 17 3
21.2 4 4
22.5 5 5
23.8 3 6
25.1 4 7
26.4 2 8
27.7 1 9
29 0
48
10
17.3 1 1
18 4 2
18.7 8 3
19.4 13 4
20.1 3 5
20.8 2 6
21.5 3 7
22.2 1 8
22.9 3 9
23.6 2 10
24.3 1 11
25 3 12
25.7 2 13
26.4 1 14
27.1 1 15
27.8 0 16
28.5 0 17
29.2 0 18
29.9 0 19
30.6 0 20
31.3 0 21
32 0 22
17.3 18.6 19.9 21.2 22.5 23.8 25.1 26.4 27.7 29
14
12  - -
10 - -
8 - -
6 - -
4 --
2 - -
r - ;  CO LO  CM 0 5  CD CO
o  o  t—  cm c\i n
CM CM CM CM CM CM CM
CO I" - ; TJ" i — CO
i r j  co"
CM CM CM CM
48
121
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h k I Fobs DIFF
1 6 -3 17.3 W
-1 6 -3 17.7 0.4
-3 6 17.7 0
-6 -3 17.7 0
6 1 -3 17.9 0.2
-3 1 6 18.1 0.2
6 -3 18.1 0
-6 1 -3 18.4 0.3
-1 3 -6 18.6 0.2
-1 3 6 18.6 0
6 -3 1 18.6 0
6 -3 -1 18.6 0
6 3 -1 18.7 0.1
1 3 6 18.9 0.2
-3 6 -1 18.9 0
1 -6 3 18.9 0
-3 1 -6 19 0.1
-3 -1 -6 19.1 0.1
-1 6 3 19.1 0
-1 -6 -3 19.2 0.1
3 6 -1 19.2 0
-3 -6 -1 19.3 0.1
1 -3 6 19.4 0.1
3 -6 1 19.4 0
1 6 3 19.4 0
-1 -6 3 19.4 0
-1 -3 6 19.5 0.1
3 -6 -1 19.7 0.2
-6 -3 -1 19.7 0
-1 -3 -6 20.2 0.5
3 -1 6 20.6 B 0.4
3 1 6 21 B 0.4
6 3 1 21.1 B 0.1
1 3 -6 21.4 B 0.3
-3 -6 1 21.6 B 0.2
6 -1 3 22.2 B 0.6
-3 6 1 22.2 B 0
-6 3 -1 22.3 B 0.1
1 -6 -3 23.3 B 1
6 1 3 23.5 B 0.2
3 6 1 23.6 B 0.1
1 -3 -6 24.4 B 0.8
3 1 -6 24.4 B 0
3 -1 -6 24.8 B 0.4
-6 -3 1 25.1 B 0.3
-6 -1 3 25.3 B 0.2
-6 1 3 26.1 B 0.8
-6 3 1 26.6 B 0.5
CLUSTER
AVERAGE
STDEV
122
ANALYSIS
0.19787234
0.239101
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New# h k
56 3 6
I F(av) Sig1 Sig2 N
9.2 0.4
Old h k I Fobs
1003 -2 6 -3 -3 4
887 -3 2 6 8.6
957 -3 6 -2 8.8
1161 -2 -3 -6 8.9
231 -6 2 -3 8.9
2040 2 6 3 8.9
1047 -2 3 6 8.9
283 -6 -2 -3 8.9
831 -3 -2 -6 8.9
1059 -2 3 -6 8.9
301 -6 -3 -2 9
819 -3 -2 6 9
2282 3 -6 2 9.1
1199 -2 -6 -3 9.1
765 -3 -6 -2 9.1
2078 2 3 6 9.1
899 -3 2 -6 9.2
2180 2 -3 6 9.2
1149 -2 -3 6 9.2
1009 -2 6 3 9.2
2942 6 3 -2 9.2
1205 -2 -6 3 9.3
2950 6 2 -3 9.4
3002 6 -2 -3 9.4
2478 3 6 -2 9.5
2236 2 -6 3 9.5
2034 2 6 -3 9.5
223 -6 3 -2 9.6
953 -3 6 2 9.6
2286 3 -6 -2 9.7
3020 6 -3 -2 9.7
761 -3 -6 2 9.8
3016 6 -3 2 10
2408 3 2 6 10.1 W
2340 3 -2 6 10.4 B
2474 3 6 2 10.5 B
3008 6 -2 3 10.7 B
2230 2 -6 -3 11 B
2090 2 3 -6 11.4 B
2956 6 2 3 11.7 B
2938 6 3 2 12 B
289 -6 -2 3 12.1 B
237 -6 2 3 12.1 B
2420 3 2 -6 12.1 B
297 -6 -3 2 12.2 B
2192 2 -3 -6 12.4 B
219 -6 3 2 12.4 B
2352 3 -2 -6 12.8 B
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
8.4 1 1
9.6 28 2
10.8 8 3
12 3 4
13.2 8 5
14.4 0
48
6
9.9458 
1.2498
1.2
0.6 8.4 1 1
9 11 2
9.6 17 3
10.2 5 4
10.8 3 5
11.4 1 6
12 2 7
12.6 7 8
13.2 1 9
13.8 0
48
10
0.3 8.4 1 1
8.7 1 2
9 10 3
9.3 10 4
9.6 7 5
9.9 3 6
10.2 2 7
10.5 2 8
10.8 1 9
11.1 1 10
11.4 1 11
11.7 1 12
12 1 13
12.3 4 14
12.6 2 15
12.9 1 16
13.2 0 17
13.5 0 18
13.8 0 19
14.1 0 20
14.4 0 21
14.7 0 22
48
8.4 9.6 10.8 12 13.2 14.4
8.4 9 9.6 10.2 10.8 11.4 12 12.6 13.2 13.8
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h k I Fobs DIFF
-2 6 -3 8.4
-3 2 6 8.6 0.2
-3 6 -2 8.8 0.2
-2 -3 -6 8.9 0.1
-6 2 -3 8.9 0
2 6 3 8.9 0
-2 3 6 8.9 0
-6 -2 -3 8.9 0
-3 -2 -6 8.9 0
-2 3 -6 8.9 0
-6 -3 -2 9 0.1
-3 -2 6 9 0
3 -6 2 9.1 0.1
-2 -6 -3 9.1 0
-3 -6 -2 9.1 0
2 3 6 9.1 0
-3 2 -6 9.2 0.1
2 -3 6 9.2 0
-2 -3 6 9.2 0
-2 6 3 9.2 0
6 3 -2 9.2 0
-2 -6 3 9.3 0.1
6 2 -3 9.4 0.1
6 -2 -3 9.4 0
3 6 -2 9.5 0.1
2 -6 3 9.5 0
2 6 -3 9.5 0
-6 3 -2 9.6 0.1
-3 6 2 9.6 0
3 -6 -2 9.7 0.1
6 -3 -2 9.7 0
-3 -6 2 9.8 0.1
6 -3 2 10 0.2
3 2 6 10.1 W 0.1
3 -2 6 10.4 B 0.3
3 6 2 10.5 B 0.1
6 -2 3 10.7 B 0.2
2 -6 -3 11 B 0.3
2 3 -6 11.4 B 0.4
6 2 3 11.7 B 0.3
6 3 2 12 B 0.3
-6 -2 3 12.1 B 0.1
-6 2 3 12.1 B 0
3 2 -6 12.1 B 0
-6 -3 2 12.2 B 0.1
2 -3 -6 12.4 B 0.2
-6 3 2 12.4 B 0
3 -2 -6 12.8 B 0.4
CLUSTER
AVERAGE
STDEV
125
A N A LY S IS
0.09361702
0.11497496
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New# h k
58  4 5
I F(av) Sig1 S ig2
3 18.1 1 0.3
Old h k
552 -4 5
931 -3 4
487 -5 4
937 -3 5
376 -5 -3
2876 5 4
583 -4 3
683 -4 -3
369 -5 -4
466 -5 3
773 -3 -5
573 -4 3
797 -3 -4
673 -4 -3
921 -3 4
787 -3 -4
2535 4 5
781 -3 -5
710 -4 -5
2855 5 3
945 -3 5
2466 3 5
2758 5 -4
2687 4 -5
2308 3 -4
2752 5 -4
2442 3 4
704 -4 -5
2458 3 5
2693 4 -5
2302 3 -5
2765 5 -3
384 -5 -3
546 -4 5
2452 3 4
2656 4 -3
2556 4 3
2566 4 3
474 -5 3
2773 5 -3
2529 4 5
2294 3 -5
2863 5 3
2666 4 -3
481 -5 4
2318 3 -4
2870 5 4
363 -5 -4
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I Fobs Ol
-3 16.3
-5 16.7
-3 16.7
-4 16.9
-4 16.9
-3 17
-5 17
-5 17.1
-3 17.2
-4 17.5
-4 17.6
5 17.7
-5 17.7
5 17.8
5 17.8
5 17.8
-3 17.9
4 18
-3 18.1
-4 18.1
4 18.4
4 19
-3 19
3 19.2
5 19.3
3 19.4
5 19.4
3 19.5
-4 19.5
-3 19.6
4 19.9 W
-4 20.2 B
4 20.3 B
3 20.4 B
-5 20.8 B
5 20.8 B
5 21.1 B
-5 21.2 B
4 21.4 B
4 21.4 B
3 21.7 B
-4 21.7 B
4 22.2 B
-5 22.4 B
3 22.5 B
-5 22.6 B
3 22.8 B
3 23.1 B
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h k I Fobs DIFF
-4 5 -3 16.3
-3 4 -5 16.7 0.4
-5 4 -3 16.7 0
-3 5 -4 16.9 0.2
-5 -3 -4 16.9 0
5 4 -3 17 0.1
-4 3 -5 17 0
-4 -3 -5 17.1 0.1
-5 -4 -3 17.2 0.1
-5 3 -4 17.5 0.3
-3 -5 -4 17.6 0.1
-4 3 5 17.7 0.1
-3 -4 -5 17.7 0
-4 -3 5 17.8 0.1
-3 4 5 17.8 0
-3 -4 5 17.8 0
4 5 -3 17.9 0.1
-3 -5 4 18 0.1
-4 -5 -3 18.1 0.1
5 3 -4 18.1 0
-3 5 4 18.4 0.3
3 5 4 19 0.6
5 -4 -3 19 0
4 -5 3 19.2 0.2
3 -4 5 19.3 0.1
5 -4 3 19.4 0.1
3 4 5 19.4 0
-4 -5 3 19.5 0.1
3 5 -4 19.5 0
4 -5 -3 19.6 0.1
3 -5 4 19.9 W 0.3
5 -3 -4 20.2 B 0.3
-5 -3 4 20.3 B 0.1
-4 5 3 20.4 B 0.1
3 4 -5 20.8 B 0.4
4 -3 5 20.8 B 0
4 3 5 21.1 B 0.3
4 3 -5 21.2 B 0.1
-5 3 4 21.4 B 0.2
5 -3 4 21.4 B 0
4 5 3 21.7 B 0.3
3 -5 -4 21.7 B 0
5 3 4 22.2 B 0.5
4 -3 -5 22.4 B 0.2
-5 4 3 22.5 B 0.1
3 -4 -5 22.6 B 0.1
5 4 3 22.8 B 0.2
-5 -4 3 23.1 B 0.3
CLUSTER
AVERAGE
STDEV
128
A N A LY S IS
0.14468085
0 .14417458
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New# h k
65 1 6
I F(av) Sig1 Sig2 N
4 9 0.5 0.2 32
Old h k I Fobs
605 -4 1 6 8
639 -4 -1 6 8.1
1464 -1 6 -4 8.2
1985 1 6 -4 8.4
1436 -1 4 -6 8.5
1803 1 -4 6 8.5
617 -4 1 -6 8.5
1424 -1 4 6 8.6
251 -6 1 -4 8.6
1945 1 4 6 8.6
277 -6 -1 -4 8.7
651 -4 -1 -6 8.8
1456 -1 6 4 8.9
1775 1 -6 4 8.9
1977 1 6 4 8.9
536 -4 6 -1 9
310 -6 -4 -1 9
2519 4 6 -1 9
1254 -1 -6 4 9
1282 -1 -4 6 9.1
3029 6 -4 -1 9.1
718 -4 -6 -1 9.1
2703 4 -6 1 9.2
3031 6 -4 1 9.2
2927 6 4 -1 9.2
1262 -1 -6 -4 9.3
2970 6 1 -4 9.6
2701 4 -6 -1 9.6
2996 6 -1 -4 9.8
1957 1 4 -6 9.9
1294 -1 -4 -6 9.9
720 -4 -6 1 10 W
208 -6 4 -1 10.4 B
269 -6 -1 4 10.6 B
2588 4 1 6 10.6 B
2521 4 6 1 10.8 B
538 -4 6 1 10.9 B
2622 4 -1 6 11 B
2929 6 4 1 11.2 B
2988 6 -1 4 11.2 B
312 -6 -4 1 11.3 B
1783 1 -6 -4 11.3 B
243 -6 1 4 11.4 B
2962 6 1 4 11.6 B
1815 1 -4 -6 11.6 B
2600 4 1 -6 11.7 B
210 -6 4 1 11.7 B
2634
129
4 -1 -6 12 B
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MIN 8 8 1 1
MAX 12 9.2 24 2
10.4 7 3
RANGE 4 11.6 11 4
12.8 5 5
COUNT 48 14 0 6
48
MEAN 9.7188 
STDEV 1.173
BIN SIZE 1.2
BIN SIZE 0.6
BIN SIZE 0.3
8 1 1
8.6 9 2
9.2 15 3
9.8 3 4
10.4 4 5
11 5 6
11.6 6 7
12.2 5 8
12.8 0 9
13.4 0
48
10
8 1 1
8.3 2 2
8.6 7 3
8.9 5 4
9.2 10 5
9.5 1 6
9.8 3 7
10.1 3 8
10.4 1 9
10.7 2 10
11 3 11
11.3 4 12
11.6 3 13
11.9 2 14
12.2 1 15
12.5 0 16
12.8 0 17
13.1 0 18
13.4 0 19
13.7 0 20
14 0 21
14.3 0
48
22
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h k I Fobs DIFF
-4 1 6 8
-4 -1 6 8.1 0.1
-1 6 -4 8.2 0.1
1 6 -4 8.4 0.2
-1 4 -6 8.5 0.1
1 -4 6 8.5 0
-4 1 -6 8.5 0
-1 4 6 8.6 0.1
-6 1 -4 8.6 0
1 4 6 8.6 0
-6 -1 -4 8.7 0.1
-4 -1 -6 8.8 0.1
-1 6 4 8.9 0.1
1 -6 4 8.9 0
1 6 4 8.9 0
-4 6 -1 9 0.1
-6 -4 -1 9 0
4 6 -1 9 0
-1 -6 4 9 0
-1 -4 6 9.1 0.1
6 -4 -1 9.1 0
-4 -6 -1 9.1 0
4 -6 1 9.2 0.1
6 -4 1 9.2 0
6 4 -1 9.2 0
-1 -6 -4 9.3 0.1
6 1 -4 9.6 0.3
4 -6 -1 9.6 0
6 -1 -4 9.8 0.2
1 4 -6 9.9 0.1
-1 -4 -6 9.9 0
-4 -6 1 10 W 0.1
-6 4 -1 10.4 B 0.4
-6 -1 4 10.6 B 0.2
4 1 6 10.6 B 0
4 6 1 10.8 B 0.2
-4 6 1 10.9 B 0.1
4 -1 6 11 B 0.1
6 4 1 11.2 B 0.2
6 -1 4 11.2 B 0
-6 -4 1 11.3 B 0.1
1 -6 -4 11.3 B 0
-6 1 4 11.4 B 0.1
6 1 4 11.6 B 0.2
1 -4 -6 11.6 B 0
4 1 -6 11.7 B 0.1
-6 4 1 11.7 B 0
4 -1 -6 12 B 0.3
CLUSTER
AVERAGE
STDEV
131
ANALYSIS
0.08510638
0.09550489
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New# h k I F(av) Sig1 Sig2 N
67 2 7 1 16.6 0.7 0.3 34
h k I Fobs
-1 7 -2 14.8
-2 7 -1 15.3
1 7 -2 15.4
-2 1 7 15.8
-2 -7 -1 15.9
-2 -1 7 15.9
2 7 1 16
1 -7 2 16.2
2 7 -1 16.2
-1 2 7 16.2
7 -1 -2 16.2
7 1 -2 16.2
1 7 2 16.3
-1 -7 2 16.5
7 -2 -1 16.5
1 2 7 16.5
-2 1 -7 16.5
-2 -1 -7 16.6
-1 7 2 16.6
-1 -2 7 16.7
2 • i 7 16.7
7 -2 1 16.7
1 -2 7 16.8
7 2 -1 16.8
-1 -7 -2 16.9
-7 -1 -2 17
-1 2 -7 17
2 -7 -1 17
2 1 7 17.1
-2 -7 1 17.3
2 -7 1 17.4
-2 7 1 17.4
-7 1 -2 17.8
-1 -2 -7 18.3 W
7 -1 2 18.6 B
-7 -2 -1 18.7 B
7 2 1 19.1 B
1 -7 -2 19.2 B
-7 2 -1 19.5 B
7 1 2 20.1 B
1 2 -7 21.2 B
2 -1 -7 21.7 B
2 1 -7 21.9 B
1 -2 -7 22 B
-7 -2 1 22.7 B
-7 -1 2 22.7 B
-7 2 1 23.3 B
-7 1 2 23.5 B
Old
1470
995
1991
1080
1215
1114
2024
1769
2026
1389
3093
3115
1995
1248
3085
1910
1094
1128
1474
1315
2145
3083
1836
3129
1244
120
1403
2246
2111
1213
2244
993
142
1329
3097
112
3127
1765
156
3119
1924
2159
2125
1850
110
124
154
146
132
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MIN
M AX
R A N G E
C O U N T
M E A N
S T D E V
BIN SIZE
BIN SIZE
BIN SIZE
14.8 14.8 1 1
23.5 17.1 28 2
19.4 9 3
8.7 21.7 4 4
24 6 5
48 26.3 0
48
6
17.848
2.3292
14.8 1 1
16 6 2
17.2 22 3
18.4 5 4
19.6 5 5
20.8 1 6
22 3 7
23.2 3 8
24.4 2 9
25.6 0
48
10
14.8 1 1
15.4 2 2
16 4 3
16.6 12 4
17.2 10 5
17.8 4 6
18.4 1 7
19 2 8
19.6 3 9
20.2 1 10
20.8 0 11
21.4 1 12
22 3 13
22.6 0 14
23.2 2 15
23.8 2 16
24.4 0 17
25 0 18
25.6 0 19
26.2 0 20
26.8 0 21
27.4 0 22
48
25
20  - -
15 --
10 - -
5 --
14.8 16 17.2 18.4 19.6 20.8 22 23.2 24.4 25.6
CO ^  CD CD CM 00 03 CO CM CD CM (O CM CO
c ri CO CO* 03 O O ,-T CM CM* CO CO* M -
T- i— t— CM CM CM CM CM CM CM
14.8 17.1 19.4 21.7 24 26.3
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h k I Fobs DIFF
-1
-2
7
7
-2
-1
14.8
15.3 0.5
1 7 -2 15.4 0.1
-2 1 7 15.8 0.4
-2 -7 -1 15.9 0.1
-2 -1 7 15.9 0
2 7 1 16 0.1
1 -7 2 16.2 0.2
2 7 -1 16.2 0
-1 2 7 16.2 0
7 -1 -2 16.2 0
7 1 -2 16.2 0
1 7 2 16.3 0.1
-1 -7 2 16.5 0.2
7 -2 -1 16.5 0
1 2 7 16.5 0
-2 1 -7 16.5 0
-2 -1 -7 16.6 0.1
-1 7 2 16.6 0
-1 -2 7 16.7 0.1
2 -1 7 16.7 0
7 -2 1 16.7 0
1 -2 7 16.8 0.1
7 2 -1 16.8 0
-1 -7 -2 16.9 0.1
-7 -1 -2 17 0.1
-1 2 -7 17 0
2 -7 -1 17 0
2 1 7 17.1 0.1
-2 -7 1 17.3 0.2
2 -7 1 17.4 0.1
-2 7 1 17.4 0
-7 1 -2 17.8 0.4
-1 -2 -7 18.3 W 0.5
7 -1 2 18.6 B 0.3
-7 -2 -1 18.7 B 0.1
7 2 1 19.1 B 0.4
1 -7 -2 19.2 B 0.1
-7 2 -1 19.5 B 0.3
7 1 2 20.1 B 0.6 .
1 2 -7 21.2 B 1.1
2 -1 -7 21.7 B 0.5
2 1 -7 21.9 B 0.2
1 -2 -7 22 B 0.1
-7 -2 1 22.7 B 0.7
-7 -1 2 22.7 B 0
-7 2 1 23.3 B 0.6
-7 1 2 23.5 B 0.2
CLUSTER
AVERAGE
STDEV
134
AN ALYSIS
0.18510638
0.23588752
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New# h k
69 2 4
I F(av) Sig1 S ig2
6 16.7 0.6 0.3
Old h k
1002 -2 6
535 -4 6
1030 -2 4
230 -6 2
282 -6 -2
600 -4 2
1166 -2 -4
668 -4 -2
717 -4 -6
2926 6 4
656 -4 -2
2949 6 2
1042 -2 4
2518 4 6
309 -6 -4
3028 6 -4
588 -4 2
1010 -2 6
1178 -2 -4
2033 2 6
2041 2 6
207 -6 4
1198 -2 -6
2073 2 4
2700 4 -6
2704 4 -6
1206 -2 -6
2209 2 -4
3032 6 -4
2237 2 -6
3001 6 -2
2061 2 4
2583 4 2
539 -4 6
2522 4 6
3009 6 -2
2651 4 -2
2930 6 4
721 -4 -6
290 -6 -2
2957 6 2
2229 2 -6
2197 2 -4
2571 4 2
238 -6 2
2639 4 -2
313 -6 -4
211 -6 4
135
Fobs 01
-4 14.9 B
-2 15.5
-6 15.6
-4 15.8
-4 16.1
6 16.2
-6 16.2
6 16.2
-2 16.4
-2 16.4
-6 16.4
-4 16.5
6 16.5
-2 16.5
-2 16.6
-2 16.8
-6 16.8
4 16.9
6 17
-4 17.1
4 17.1
-2 17.1
-4 17.2
6 17.2
-2 17.3
2 17.4
4 17.4
6 17.5
2 17.6
4 17.9 W
-4 19 B
-6 19.2 B
6 19.9 B
2 20 B
2 20.2 B
4 20.3 B
6 20.3 B
2 20.6 B
2 21 B
4 21.3 B
4 21.5 B
-4 21.6 B
-6 21.6 B
-6 21.8 B
4 21.8 B
-6 21.9 B
2 22.6 B
2 22.8 B
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
14.9 14.9 1 1
22.8 17.2 23 2
19.5 8 3
7.9 21.8 13 4
24.1 3 5
48 26.4 0
48
6
18.281
2.2663
2.3
14.9 1 1
16.1 4 2
17.3 20 3
18.5 5 4
19.7 2 5
20.9 6 6
22.1 8 7
23.3 2 8
24.5 0 9
25.7 0
48
10
14.9 1 1
15.5 1 2
16.1 3 3
16.7 10 4
17.3 10 5
17.9 5 6
18.5 0 7
19.1 1 8
19.7 1 9
20.3 5 10
20.9 1 11
21.5 3 12
22.1 5 13
22.7 1 14
23.3 1 15
23.9 0 16
24.5 0 17
25.1 0 18
25.7 0 19
26.3 0 20
26.9 0 21
27.5 0
48
22
14.9 16.1 17.3 18.5 19.7 20.9 22.1 23.3 24.5
°> , n A . ‘b «j .N A <b °> A  °>
n •v3' »?' »?' *s\ »?■ t?" r f i ' qJV' t!?' tJ?'
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cD
C
D
4^
o)
4^
fv
)r
oa
)C
D
-p
*.
cD
-^
a5
-P
»
-2
-4
-2
-6
-6
-4
-2
-4
-4
6
-4
6
-2
4
-6
6
-4
-2
-2
2
2
-6
-2
2
4
4
-2
2
6
2
6
2
4
-4
6
6
4
2
-2
2
-4
-2
-6
4
-2
2
4
6
-4
-4
2
6
-4
6
6
4
-6
4
-6
-6
-6
-4
-4
-6
-2
4
2
6
6
-2
-2
4
-6
-2
2
-6
-4
2
2
-2
-4
4
I Fobs DIFF
-4 14.9 B
-2 15.5 0.6
-6 15.6 0.1
-4 15.8 0.2
-4 16.1 0.3
6 16.2 0.1
-6 16.2 0
6 16.2 0
-2 16.4 0.2
-2 16.4 0
-6 16.4 0
-4 16.5 0.1
6 16.5 0
-2 16.5 0
-2 16.6 0.1
-2 16.8 0.2
-6 16.8 0
4 16.9 0.1
6 17 0.1
-4 17.1 0.1
4 17.1 0
-2 17.1 0
-4 17.2 0.1
6 17.2 0
-2 17.3 0.1
2 17.4 0.1
4 17.4 0
6 17.5 0.1
2 17.6 0.1
4 17.9 W 0.3
-4 19 B 1.1
-6 19.2 B 0.2
S 19.9 B 0.7
2 20 B 0.1
2 20.2 B 0.2
4 20.3 B 0.1
6 20.3 B 0
2 20.6 B 0.3
2 21 B 0.4
4 21.3 B 0.3
4 21.5 B 0.2
-4 21.6 B 0.1
-6 21.6 B 0
-6 21.8 B 0.2
4 21.8 B 0
-6 21.9 B 0.1
2 22.6 B 0.7
2 22.8 B 0.2
CLUSTER
AVERAGE
STDEV
137
ANALYSIS
0.16808511
0.21978881
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New# h k I F(av) Sig1 Sig2 N
73 1 3 7 8 0.5
Old h k I
1469 -1 7 -3
119 -7 -1 -3
849 -3 -1 7
883 -3 1 7
1990 1 7 -3
1420 -1 3 7
1475 -1 7 3
835 -3 -1 -7
1770 1 -7 3
1833 1 -3 7
3114 7 1 -3
1249 -1 -7 3
2487 3 7 -1
3092 7 -1 -3
1996 1 7 3
1941 1 3 7
750 -3 -7 -1
1406 -1 3 -7
3072 7 -3 -1
966 -3 7 -1
1312 -1 -3 7
2273 3 -7 1
869 -3 1 -7
3138 7 3 -1
141 -7 1 -3
1243 -1 -7 -3
3074 7 -3 1
752 -3 -7 1
2271 3 -7 -1
2370 3 -1 7
2404 3 1 7
1298 -1 -3 -7
99 -7 -3 -1
968 -3 7 1
2489 3 7 1
165 -7 3 -1
1927 1 3 -7
1764 1 -7 -3
3140 7 3 1
3098 7 -1 3
101 -7 -3 1
3120 7 1 3
2390 3 1 -7
1819 1 -3 -7
125 -7 -1 3
147 -7 1 3
167 -7 3 1
2356
138
3 -1 -7
Fobs
6.9
7.3
7.4
7.5
7.5
7.5
7.5
7.6
7.6
7.7
7.7
7.8
7.8
7.8
7.8
7.9
7.9
7.9 
8
8.1
8.1
8.1
8.1
8.1
8.2
8.2
8.4
8.4 
8.6 
8.6
8.7
8.8
8.9
9 W
9.4 B
9.5 B
9.6 B
9.8 B
9.8 B
9.9 B
10.1 B
10.1 B 
10.3 B
10.5 B
10.6 B
10.6 B
10.6 B
11.1 B
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MIN 6.9 6.9 1 1
MAX 11.1 8 18 2
9.1 15 3
RANGE 4.2 10.2 8 4
11.3 6 5
COUNT 48 12.4 0 6
48
MEAN 8.6104
STDEV 1.1021
BIN SIZE 1.1
BIN SIZE 0.6 6.9 1 1
7.5 6 2
8.1 17 3
8.7 7 4
9.3 3 5
9.9 5 6
10.5 4 7
11.1 4 8
11.7 1 9
12.3 0 10
48
BIN SIZE 0.3 6.9 1 1
7.2 0 2
7.5 6 3
7.8 8 4
8.1 9 5
8.4 4 6
8.7 3 7
9 3 8
9.3 0 9
9.6 3 10
9.9 3 11
10.2 2 12
10.5 2 13
10.8 3 14
11.1 1 15
11.4 0 16
11.7 0 17
12 0 18
12.3 0 19
12.6 0 20
12.9 0 21
13.2 0 22
48
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h k I Fobs DIFF
-1
-7
7
-1
-3
-3
6.9
7.3 0.4
-3 -1 7 7.4 0.1
-3 1 7 7.5 0.1
1 7 *3 7.5 0
-1 3 7 7.5 0
-1 7 3 7.5 0
-3 -1 -7 7.6 0.1
1 -7 3 7.6 0
1 -3 7 7.7 0.1
7 1 -3 7.7 0
-1 -7 3 7.8 0.1
3 7 -1 7.8 0
7 -1 -3 7.8 0
1 7 3 7.8 0
1 3 7 7.9 0.1
-3 -7 -1 7.9 0
-1 3 -7 7.9 0
7 -3 -1 8 0.1
-3 7 -1 8.1 0.1
-1 -3 7 8.1 0
3 -7 1 8.1 0
-3 1 -7 8.1 0
7 3 -1 8.1 0
-7 1 -3 8.2 0.1
-1 -7 -3 8.2 0
7 -3 1 8.4 0.2
-3 -7 1 8.4 0
3 -7 -1 8.6 0.2
3 -1 7 8.6 0
3 1 7 8.7 0.1
-1 -3 -7 8.8 0.1
-7 -3 -1 8.9 0.1
-3 7 1 9 W 0.1
3 7 1 9.4 B 0.4
-7 3 -1 9.5 B 0.1
1 3 -7 9.6 B 0.1
1 -7 -3 9.8 B 0.2
7 3 1 9.8 B 0
7 -1 3 9.9 B 0.1
-7 -3 1 10.1 B 0.2
7 1 3 10.1 B 0
3 1 -7 10.3 B 0.2
1 -3 -7 10.5 B 0.2
-7 -1 3 10.6 B 0.1
-7 1 3 10.6 B 0
-7 3 1 10.6 B 0
3 -1 -7 11.1 B 0.5
CLUSTER
AVERAGE
STDEV
140
AN ALYSIS
0.0893617
0.11465268
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New# h k I F(av) Sig1 Sig2 N
76 3 4 6 8.3 0.6 0.2 30
Old h k I Fobs
932 -3 4 -6 7.5
959 -3 6 -4 7.5
534 -4 6 -3 7.6
303 -6 -3 -4 7.7
759 -3 -6 4 7.7
920 -3 4 6 7.7
308 -6 -4 -3 7.7
672 -4 -3 6 7.9
225 -6 3 -4 7.9
206 -6 4 -3 8
716 -4 -6 -3 8
786 -3 -4 6 8.1
798 -3 -4 -6 8.1
2925 6 4 -3 8.1
951 -3 6 4 8.1
767 -3 -6 -4 8.2
684 -4 -3 -6 8.2
2517 4 6 -3 8.2
584 -4 3 -6 8.3
572 -4 3 6 8.4
722 -4 -6 3 8.6
2944 6 3 -4 8.6
2705 4 -6 3 8.7
2480 3 6 -4 8.9
2307 3 -4 6 9.1
3027 6 -4 -3 9.1
3022 6 -3 -4 9.2
2280 3 -6 4 9.2
2472 3 6 4 9.3
2441 3 4 6 9.3 W
540 -4 6 3 9.5 B
2699 4 -6 -3 9.5 B
3033 6 -4 3 9.6 B
3014 6 -3 4 10 B
2523 4 6 3 10 B
295 -6 -3 4 10.2 B
2555 4 3 6 10.3 B
2655 4 -3 6 10.4 B
314 -6 -4 3 10.5 B
2567 4 3 -6 10.5 B
217 -6 3 4 10.6 B
212 -6 4 3 10.7 B
2288 3 -6 -4 10.7 B
2453 3 4 -6 10.8 B
2931 6 4 3 10.8 B
2667 4 -3 -6 10.9 B
2319 3 -4 -6 11.2 B
2936 6 3 4 11.3 B
141
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MIN 7.5 7.5 2 1
MAX 11.3 8.7 21 2
9.9 10 3
RANGE 3.8 11.1 13 4
12.3 2 5
COUNT 48 13.5 0 6
48
MEAN 9.0917
STDEV 1.1756
BIN SIZE 1.2
BIN SIZE 0.6 7.5 2 1
8.1 13 2
8.7 8 3
9.3 5 4
9.9 5 5
10.5 5 6
11.1 8 7
11.7 2 8
12.3 0 9
12.9 0 10
48
BIN SIZE 0.3 7.5 2 1
7.8 5 2
8.1 8 3
8.4 5 4
8.7 3 5
9 1 6
9.3 6 7
9.6 3 8
9.9 0 9
10.2 3 10
10.5 4 11
10.8 5 12
11.1 1 13
11.4 2 14
11.7 0 15
12 0 16
12.3 0 17
12.6 0 18
12.9 0 19
13.2 0 20
13.5 0 21
13.8 0 22
48
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h k I Fobs DIFF
-3 4 -6 7.5
-3 6 -4 7.5 0
-4 6 -3 7.6 0.1
-6 -3 -4 7.7 0.1
-3 -6 4 7.7 0
-3 4 6 7.7 0
-6 -4 -3 7.7 0
-4 -3 6 7.9 0.2
-6 3 -4 7.9 0
-6 4 -3 8 0.1
-4 -6 -3 8 0
-3 -4 6 8.1 0.1
-3 -4 -6 8.1 0
6 4 -3 8.1 0
-3 6 4 8.1 0
-3 -6 -4 8.2 0.1
-4 -3 -6 8.2 0
4 6 -3 8.2 0
-4 3 -6 8.3 0.1
-4 3 6 8.4 0.1
-4 -6 3 8.6 0.2
6 3 -4 8.6 0
4 -6 3 8.7 0.1
3 6 -4 8.9 0.2
3 -4 6 9.1 0.2
6 -4 -3 9.1 0
6 -3 -4 9.2 0.1
3 -6 4 9.2 0
3 6 4 9.3 0.1
3 4 6 9.3 W 0
-4 6 3 9.5 B 0.2
4 -6 -3 9.5 B 0
6 -4 3 9.6 B 0.1
6 -3 4 10 B 0.4
4 6 3 10 B 0
-6 -3 4 10.2 B 0.2
4 3 6 10.3 B 0.1
4 -3 6 10.4 B 0.1
-6 -4 3 10.5 B 0.1
4 3 -6 10.5 B 0
-6 3 4 10.6 B 0.1
-6 4 3 10.7 B 0.1
3 -6 -4 10.7 B 0
3 4 -6 10.8 B 0.1
6 4 3 10.8 B 0
4 -3 -6 10.9 B 0.1
3 -4 -6 11.2 B 0.3
6 3 4 11.3 B 0.1
CLUSTER
AVERAGE
STDEV
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A N A LY S IS
0.08085106
0.09002004
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New# h k I F(av) Sig1 Sig2 N
77 2 7 3 15.1 0.8 0.3 33
h k 1 Fobs
-2 7 -3 12.9 B
-3 2 7 13.7
2 7 -3 13.8
-3 7 -2 14
7 2 -3 14.1
-2 3 7 14.4
-3 -2 7 14.4
-2 -7 -3 14.4
3 7 -2 14.4
-2 7 3 14.6
-3 -7 -2 14.7
2 -7 3 14.8
-7 2 -3 14.8
7 -3 -2 14.8
-7 -2 -3 14.8
7 3 -2 14.9
-3 2 -7 15
-2 -3 7 15.1
3 -7 2 15.2
2 7 3 15.2
-2 -7 3 15.3
-3 -2 -7 15.3
-2 3 -7 15.4
-7 -3 -2 15.5
2 3 7 15.5
2 -3 7 15.6
-3 -7 2 15.6
7 -2 -3 15.7
3 -7 -2 15.8
-3 7 2 16
-2 -3 -7 16
7 -3 2 16.5
-7 3 -2 16.7
3 7 2 16.7 W
3 2 7 17.5 B
3 -2 7 17.6 B
2 -7 -3 17.9 B
7 -2 3 18.2 B
2 3 -7 18.9 B
7 2 3 19.5 B
7 3 2 19.6 B
3 2 -7 19.7 B
3 -2 -7 19.8 B
-7 -2 3 20.5 B
2 -3 -7 20.6 B
-7 2 3 21.2 B
-7 -3 2 21.3 B
-7 3 2 21.6 B
Old
997
886
2028
965
3131
1046
818
1217
2486
991
749
2242
158
3071
114
3137
900
1148
2274
2022
1211
832
1060
98
2077
2179
753
3087
2270
969
1162
3075
164
2490
2407
2339
2248
3081
2091
3125
3141
2421
2353
108
2193
152
102
168
144
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MIN 12.9 12.9 1 1
MAX 21.6 15.2 19 2
17.5 15 3
RANGE 8.7 19.8 8 4
22.1 5 5
COUNT 48 24.4 0 6
48
MEAN 16.365
STDEV 2.3125
BIN SIZE 2.3
BIN SIZE 1.2 12.9 1 1
14.1 4 2
15.3 15 3
16.5 12 4
17.7 4 5
18.9 3 6
20.1 4 7
21.3 3 8
22.5 2 9
23.7 0 10
48
12.9 1 1
13.5 0 2
14.1 4 3
14.7 6 4
15.3 9 5
15.9 9 6
16.5 3 7
17.1 2 8
17.7 2 9
18.3 2 10
18.9 1 11
19.5 1 12
20.1 3 13
20.7 2 14
21.3 2 15
21.9 1 16
22.5 0 17
23.1 0 18
23.7 0 19
24.3 0 20
24.9 0 21
25.5 0 22
48
LO T— co ay tn i— CO C l in ■»— CO a> m
CO TT in in CD CO CO ai o' o CNJr— T— T~ i— i— —^ 1— 1- ■»— C\J C\J cvi ca CM
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h k I Fobs DIFF
-2 7 -3 12.9 B
-3 2 7 13.7 0.8
2 7 -3 13.8 0.1
-3 7 -2 14 0.2
7 2 -3 14.1 0.1
-2 3 7 14.4 0.3
-3 -2 7 14.4 0
-2 -7 -3 14.4 0
3 7 -2 14.4 0
-2 7 3 14.6 0.2
-3 -7 -2 14.7 0.1
2 -7 3 14.8 0.1
-7 2 -3 14.8 0
7 -3 -2 14.8 0
-7 -2 -3 14.8 0
7 3 -2 14.9 0.1
-3 2 -7 15 0.1
-2 -3 7 15.1 0.1
3 -7 2 15.2 0.1
2 7 3 15.2 0
-2 -7 3 15.3 0.1
-3 -2 -7 15.3 0
-2 3 -7 15.4 0.1
-7 -3 -2 15.5 0.1
2 3 7 15.5 0
2 -3 7 15.6 0.1
-3 -7 2 15.6 0
7 -2 -3 15.7 0.1
3 -7 -2 15.8 0.1
-3 7 2 16 0.2
-2 -3 -7 16 0
7 -3 2 16.5 0.5
-7 3 -2 16.7 0.2
3 7 2 16.7 W 0
3 2 7 17.5 B 0.8
3 -2 7 17.6 B 0.1
2 -7 -3 17.9 B 0.3
7 -2 3 18.2 B 0.3
2 3 -7 18.9 B 0.7
7 2 3 19.5 B 0.6
7 3 2 19.6 B 0.1
3 2 -7 19.7 B 0.1
3 -2 -7 19.8 B 0.1
-7 -2 3 20.5 B 0.7
2 -3 -7 20.6 B 0.1
-7 2 3 21.2 B 0.6
-7 -3 2 21.3 B 0.1
-7 3 2 21.6 B 0.3
CLUSTER
AVERAGE
STDEV
146
ANALYSIS
0.18510638
0.22552231
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New# h k I F(av) Sig1 Sig2 N Old h k I Fobs
78 1 6 5 15.7 0.7 0.3 27 1465 -1 6 -5 13.7 B
1440 -1 5 -6 14.2
252 -6 1 -5 14.5
278 -6 -1 -5 14.7
404 -5 -1 -6 14.9
1774 1 -6 5 15
434 -5 1 -6 15.3
345 -5 -6 -1 15.5
1976 1 6 5 15.5
1452 -1 5 6 15.5
3039 6 -5 1 15.6
1986 1 6 -5 15.6
2734 5 -6 -1 15.6
1799 1 -5 6 15.7
1278 -1 -5 6 15.7
1973 1 5 6 15.8
2732 5 -6 1 15.9
2896 5 6 -1 15.9
1253 -1 -6 5 15.9
3041 6 -5 -1 16
1455 -1 6 5 16
1961 1 5 - 6  16
416 -5 -1 6 16.2
2919 6 5 -1 16.3
322 -6 -5 -1 16.7
446 -5 1 6 16.7
507 -5 6 -1 16.9
1263 -1 -6 -5 17.1 W
2971 6 1 -5 17.8 B
1266 -1 -5 -6 18 B
343 -5 -6 1 18.3 B
200 -6 5 -1 18.6 B
268 -6 -1 5 18.6 B
2997 6 -1 -5 18.7 B
2917 6 5 1 18.8 B
2987 6 -1 5 18.9 B
2805 5 -1 6 19 B
2894 5 6 1 19 B
2823 5 1 -6 19.1 B
242 -6 1 5 19.1 B
2793 5 -1 -6 19.3 B
2835 5 1 6 19.5 B
1784 1 -6 -5 19.6 B
505 -5 6 1 19.6 B
2961 6 1 5 19.7 B
1787 1 -5 -6 19.8 B
320 -6 -5 1 20.7 B
198 -6 5 1 20.7 B
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
13.7 13.7 1 1
20.7 15.6 12 2
17.5 15 3
7 19.4 13 4
21.3 7 5
48
17.108
1.8962
23.2 0
48
6
1.9
1 13.7 1 1
14.7 3 2
15.7 11 3
16.7 11 4
17.7 2 5
18.7 6 6
19.7 11 7
20.7 3 8
21.7 0 9
22.7 0
48
10
0.5 13.7 1 1
14.2 1 2
14.7 2 3
15.2 2 4
15.7 9 5
16.2 8 6
16.7 3 7
17.2 2 8
17.7 0 9
18.2 2 10
18.7 4 11
19.2 6 12
19.7 5 13
20.2 1 14
20.7 2 15
21.2 0 16
21.7 0 17
22.2 0 18
22.7 0 19
23.2 0 20
23.7 0 21
24.2 0
48
22
10
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h-1
k
6
I
-5
Fobs 
13.7 B
DIFF
-1 5 -6 14.2 0.5
-6 1 -5 14.5 0.3
-6 -1 -5 14.7 0.2
-5 -1 -6 14.9 0.2
1 -6 5 15 0.1
-5 1 -6 15.3 0.3
-5 -6 -1 15.5 0.2
1 6 5 15.5 0
-1 5 6 15.5 0
6 -5 1 15.6 0.1
1 6 -5 15.6 0
5 -6 -1 15.6 0
1 -5 6 15.7 0.1
-1 -5 6 15.7 0
1 5 6 15.8 0.1
5 -6 1 15.9 0.1
5 6 -1 15.9 0
-1 -6 5 15.9 0
6 -5 -1 16 0.1
-1 6 5 16 0
1 5 -6 16 0
-5 -1 6 16.2 0.2
6 5 -1 16.3 0.1
-6 -5 -1 16.7 0.4
-5 1 6 16.7 0
-5 6 -1 16.9 0.2
-1 -6 -5 17.1 W 0.2
6 1 -5 17.8 B 0.7
-1 -5 -6 18 B 0.2
-5 -6 1 18.3 B 0.3
-6 5 -1 18.6 B 0.3
-6 -1 5 18.6 B 0
6 -1 -5 18.7 B 0.1
6 5 1 18.8 B 0.1
6 -1 5 18.9 B 0.1
5 -1 6 19 B 0.1
5 6 1 19 B 0
5 1 -6 19.1 B 0.1
-6 1 5 19.1 B 0
5 -1 -6 19.3 B 0.2
5 1 6 19.5 B 0.2
1 -6 -5 19.6 B 0.1
-5 6 1 19.6 B 0
6 1 5 19.7 B 0.1
1 -5 -6 19.8 B 0.1
-6 -5 1 20.7 B 0.9
-6 5 1 20.7 B 0
149
CLUSTER ANALYSIS 
AVERAGE 0.14893617 
STDEV 0.18281892
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New# h k I F(av) Sig1 Sig2 N Old h k I Fobs
82 2 6 5 8 0.5 0.2 29 1026 -2 5 -6 7
401 -5 -2 -6 7 W
281 -6 -2 -5 7.1
1001 -2 6 -5 7.2
229 -6 2 -5 7.3
461 -5 2 -6 7.4
323 -6 -5 -2 7.7
508 -5 6 -2 7.8
2731 5 -6 2 7.8
1014 -2 5 6 7.9
346 -5 -6 -2 7.9
1207 -2 -6 5 7.9
1011 -2 6 5 8
1197 -2 -6 -5 8
2735 5 -6 -2 8.1
389 -5 -2 6 8.1
1182 -2 -5 6 8.1
449 -5 2 6 8.2
2213 2 -5 6 8.2
2920 6 5 -2 8.2
3038 6 -5 2 8.2
2238 2 -6 5 8.3
2897 5 6 -2 8.4
3042 6 -5 -2 8.4
201 -6 5 -2 8.5
1194 -2 -5 -6 8.5
2045 2 5 6 8.6
2032 2 6 -5 8.6
2042 2 6 5 8.7
2057 2 5 -6 9.2 B
2948 6 2 -5 9.4 B
239 -6 2 5 9.5 B
3000 6 -2 -5 9.6 B
291 -6 -2 5 9.6 B
2778 5 -2 6 9.7 B
3010 6 -2 5 9.8 B
2850 5 2 -6 9.9 B
342 -5 -6 2 10.1 B
2916 6 5 2 10.1 B
2790 5 -2 -6 10.1 B
2893 5 6 2 10.1 B
2838 5 2 6 10.3 B
2958 6 2 5 10.4 B
504 -5 6 2 10.4 B
319 -6 -5 2 10.7 B
197 -6 5 2 10.7 B
2228 2 -6 -5 10.7 B
2225 2 -5 -6 10.8 B
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MIN 7 7 2 1
MAX 10.8 8.1 15 2
9.2 13 3
RANGE 3.8 10.3 11 4
11.4 7 5
COUNT 48 12.5 0 6
48
MEAN 8.7958
STDEV 1.14
BIN SIZE 1.1
BIN SIZE 0.6 7 2 1
7.6 4 2
8.2 15 3
8.8 8 4
9.4 1 5
10 7 6
10.6 7 7
11.2 4 8
11.8 0 9
12.4 0 10
48
BIN SIZE 0.3 7 2 1
7.3 3 2
7.6 1 3
7.9 3 4
8.2 12 5
8.5 5 6
8.8 3 7
9.1 0 8
9.4 2 9
9.7 4 10
10 2 11
10.3 5 12
10.6 2 13
10.9 4 14
11.2 0 15
11.5 0 16
11.8 0 17
12.1 0 18
12.4 0 19
12.7 0 20
13 0 21
13.3 0 22
48
151
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h k I Fobs DIFF
-2 5 -6 7
'5 -2 -6 7 W 0
-6 -2 -5 7.1 0.1
-2 6 -5 7.2 0.1
-6 2 -5 7.3 0.1
-5 2 -6 7.4 0.1
-6 -5 -2 7.7 0.3
-5 6 -2 7.8 0.1
5 -6 2 7.8 0
-2 5 6 7.9 0.1
-5 -6 -2 7.9 0
-2 -6 5 7.9 0
-2 6 5 8 0.1
-2 -6 -5 8 0
5 -6 -2 8.1 0.1
-5 -2 6 8.1 0
-2 -5 6 8.1 0
-5 2 6 8.2 0.1
2 -5 6 8.2 0
6 5 -2 8.2 0
6 -5 2 8.2 0
2 -6 5 8.3 0.1
5 6 -2 8.4 0.1
6 -5 -2 8.4 0
-6 5 -2 8.5 0.1
-2 -5 -6 8.5 0
2 5 6 8.6 0.1
2 6 -5 8.6 0
2 6 5 8.7 0.1
2 5 -6 9.2 B 0.5
6 2 -5 9.4 B 0.2
-6 2 5 9.5 B 0.1
6 -2 -5 9.6 B 0.1
-6 -2 5 9.6 B 0
5 -2 6 9.7 B 0.1
6 -2 5 9.8 B 0.1
5 2 -6 9.9 B 0.1
-5 -6 2 10.1 B 0.2
6 5 2 10.1 B 0
5 -2 -6 10.1 B 0
5 6 2 10.1 B 0
5 2 6 10.3 B 0.2
6 2 5 10.4 B 0.1
-5 6 2 10.4 B 0
-6 -5 2 10.7 B 0.3
-6 5 2 10.7 B 0
2 -6 -5 10.7 B 0
2 -5 -6 10.8 B 0.1
CLUSTER
AVERAGE
STDEV
152
AN ALYSIS
0.08085106
0.09921058
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New# h k [ F(av) Sig1 S ig2 N
84 4 7 1 14.7 0.6 0.3 27
Old h k I Fobs
1468 -1 7 -4 12 B
604 -4 1 7 12.7 B
118 -7 -1 -4 13.3
638 -4 -1 7 13.4
1771 1 -7 4 13.8
1989 1 7 -4 14
140 -7 1 -4 14
1250 -1 -7 4 14.2
1997 1 7 4 14.3
1423 -1 4 7 14.3
3064 7 -4 -1 14.4
618 -4 1 -7 14.4
1476 -1 7 4 14.6
1944 1 4 7 14.6
652 -4 -1 -7 14.6
730 -4 -7 -1 14.8
1802 1 -4 7 14.8
1437 -1 4 -7 14.9
3150 7 4 -1 14.9
2511 4 7 -1 15
1281 -1 -4 7 15
3062 7 -4 1 15
3113 7 1 -4 15.1
2711 4 -7 1 15.1
3091 7 -1 -4 15.1
2713 4 -7 -1 15.3
728 -4 -7 1 15.3
528 -4 7 -1 15.5
1242 -1 -7 -4 16.1 W
1958 1 4 -7 16.8 B
91 -7 -4 -1 17.1 B
2587 4 1 7 17.1 B
2509 4 7 1 17.6 B
526 -4 7 1 17.6 B
1295 -1 -4 -7 17.7 B
2621 4 -1 7 17.8 B
3121 7 1 4 17.9 B
1763 1 -7 -4 18.1 B
3099 7 -1 4 18.2 B
3148 7 4 1 18.4 B
177 -7 4 -1 18.4 B
1816 1 -4 -7 18.7 B
148 -7 1 4 19.3 B
126 -7 -1 4 19.4 B
89 -7 -4 1 19.4 B
2635 4 -1 -7 19.5 B
2601 4 1 -7 19.6 B
175 -7 4 1 20.1 B
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MIN
MAX
R A N G E
C O U N T
M E A N
S T D E V
BIN SIZE
BIN SIZE
BIN SIZE
12 12 1 1
20.1 14.1 6 2
16.2 22 3
8.1 18.3 10 4
20.4 9 5
48
16.025
2.1024
22.5 0
48
6
2.1
1.1 12 1 1
13.1 1 2
14.2 6 3
15.3 17 4
16.4 4 5
17.5 3 6
18.6 9 7
19.7 6 8
20.8 1 9
21.9 0
48
10
0.6 12 1 1
12.6 0 2
13.2 1 3
13.8 2 4
14.4 6 5
15 9 6
15.6 9 7
16.2 1 8
16.8 1 9
17.4 2 10
18 5 11
18.6 4 12
19.2 1 13
19.8 5 14
20.4 1 15
21 0 16
21.6 0 17
22.2 0 18
22.8 0 19
23.4 0 20
24 0 21
24.6 0
48
22
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h k I Fobs DIFF
-1 7 -4 12 B
-4 1 7 12.7 B 0.7
-7 -1 -4 13.3 0.6
-4 -1 7 13.4 0.1
1 -7 4 13.8 0.4
1 7 -4 14 0.2
-7 1 -4 14 0
-1 -7 4 14.2 0.2
1 7 4 14.3 0.1
-1 4 7 14.3 0
7 -4 -1 14.4 0.1
-4 1 -7 14.4 0
-1 7 4 14.6 0.2
1 4 7 14.6 0
-4 -1 -7 14.6 0
-4 -7 -1 14.8 0.2
1 -4 7 14.8 0
-1 4 -7 14.9 0.1
7 4 -1 14.9 0
4 7 -1 15 0.1
-1 -4 7 15 0
7 -4 1 15 0
7 1 -4 15.1 0.1
4 -7 1 15.1 0
7 -1 -4 15.1 0
4 -7 -1 15.3 0.2
-4 -7 1 15.3 0
-4 7 -1 15.5 0.2
-1 -7 -4 16.1 W 0.6
1 4 -7 16.8 B 0.7
-7 -4 -1 17.1 B 0.3
4 1 7 17.1 B 0
4 7 1 17.6 B 0.5
-4 7 1 17.6 B 0
-1 -4 -7 17.7 B 0.1
4 -1 7 17.8 B 0.1
7 1 4 17.9 B 0.1
1 -7 -4 18.1 B 0.2
7 -1 4 18.2 B 0.1
7 4 1 18.4 B 0.2
-7 4 -1 18.4 B 0
1 -4 -7 18.7 B 0.3
-7 1 4 19.3 B 0.6
-7 -1 4 19.4 B 0.1
-7 -4 1 19.4 B 0
4 -1 -7 19.5 B 0.1
4 1 -7 19.6 B 0.1
-7 4 1 20.1 B
7 C C
0.5
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CLUSTER ANALYSIS 
AVERAGE 0.17234043 
STDEV 0.20610479
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New# h k I F(av) Sig1 S ig2  N
89 1 8 2 7.8 0.6
Old h k I
1079 -2 1 8
1388 -1 2 8
1234 -1 -8 2
2005 1 8 -2
1223 -2 -8 -1
2001 1 8 2
1484 -1 8 -2
2016 2 8 1
1755 1 -8 2
2014 2 8 -1
983 -2 8 -1
1113 -2 -1 8
1225 -2 -8 1
1835 1 -2 8
1314 -1 -2 8
3188 8 1 2
1909 1 2 8
1480 -1 8 2
985 -2 8 1
3206 8 -1 -2
3212 8 -2 -1
1095 -2 1 -8
1238 -1 -8 -2
2256 2 -8 1
2254 2 -8 -1
3214 8 -2 1
2144 2 -1 8
1129 -2 -1 -8
3176 8 2 -1
1404 -1 2 -8
2110 2 1 8
55 -8 -1 -2
37 -8 1 -2
1759 1 -8 -2
61 -8 -2 -1
1330 -1 -2 -8
3202 8 -1 2
25 -8 2 -1
3184 8 1 2
1925 1 2 -8
3178 8 2 1
2126 2 1 -8
63 -8 -2 1
51 -8 -1 2
2160 2 -1 -8
1851 1 -2 -8
27 -8 2 1
33 -8 1 2
Fobs
6.9
7
7
7
7
7.1
7.2
7.3
7.3
7.3
7.4
7.4
7.5
7.7
7.7
7.7
7.8
7.8
7.9
7.9
7.9
8 
8.2 
8.2
8.4
8.4
8.5
8.6 
8.6
8.7
8.7
9 W
9.2 B
9.2 B
9.4 B
9.5 B
9.8 B
9.9 B 
10 B 
10 B 
10 B
10.4 B
10.5 B
10.7 B
10.8 B
10.8 B
10.9 B
10.9 B
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MIN 6.9
M AX 10.9
RANGE 4
COUNT 48
MEAN 8.5646 
STDEV 1.2655
BIN SIZE 1.3
BIN SIZE 0.7
BIN SIZE 0.4
6.9 1 1
8.2 23 2
9.5 12 3
10.8 10 4
12.1 2 5
13.4 0
48
6
6.9 1 1
7.6 12 2
8.3 11 3
9 8 4
9.7 4 5
10.4 5 6
11.1 7 7
11.8 0 8
12.5 0 9
13.2 0
48
10
6.9 1 1
7.3 9 2
7.7 6 3
8.1 6 4
8.5 5 5
8.9 4 6
9.3 3 7
9.7 2 8
10.1 5 9
10.5 2 10
10.9 5 11
11.3 0 12
11.7 0 13
12.1 0 14
12.5 0 15
12.9 0 16
13.3 0 17
13.7 0 18
14.1 0 19
14.5 0 20
14.9 0 21
15.3 0
48
22
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h-2
k
1
I
8
Fobs
6.9
DIFF
-1 2 8 7 0.1
-1 -8 2 7 0
1 8 -2 7 0
-2 -8 -1 7 0
1 8 2 7.1 0.1
-1 8 -2 7.2 0.1
2 8 1 7.3 0.1
1 -8 2 7.3 0
2 8 -1 7.3 0
-2 8 -1 7.4 0.1
-2 -1 8 7.4 0
-2 -8 1 7.5 0.1
1 -2 8 7.7 0.2
-1 -2 8 7.7 0
8 1 -2 7.7 0
1 2 8 7.8 0.1
-1 8 2 7.8 0
-2 8 1 7.9 0.1
8 -1 -2 7.9 0
8 -2 -1 7.9 0
-2 1 -8 8 0.1
-1 -8 -2 8.2 0.2
2 -8 1 8.2 0
2 -8 -1 8.4 0.2
8 -2 1 8.4 0
2 -1 8 8.5 0.1
-2 -1 -8 8.6 0.1
8 2 -1 8.6 0
-1 2 -8 8.7 0.1
2 1 8 8.7 0
-8 -1 -2 9 W 0.3
-8 1 -2 9.2 B 0.2
1 -8 -2 9.2 B 0
-8 -2 -1 9.4 B 0.2
-1 -2 -8 9.5 B 0.1
8 -1 2 9.8 B 0.3
-8 2 -1 9.9 B 0.1
8 1 2 10 B 0.1
1 2 -8 10 B 0
8 2 1 10 B 0
2 1 -8 10.4 B 0.4
-8 -2 1 10.5 B 0.1
-8 -1 2 10.7 B 0.2
2 -1 -8 10.8 B 0.1
1 -2 -8 10.8 B 0
-8 2 1 10.9 B 0.1
-8 1 2 10.9 B 0
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CLUSTER A N A LY S IS
AVERAGE 0.08510638
STDEV 0.09550489
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New# h k
90 4 7
1 F(av) Sig1 Sig2
2 7.6 0.6 0.2
Old h k
— - -
115 -7 -2
998 -2 7
1029 -2 4
1043 -2 4
159 -7 2
601 -4 2
529 -4 7
669 -4 -2
655 -4 -2
2029 2 7
2512 4 7
1218 -2 -7
2710 4 -7
3065 7 -4
1179 -2 -4
1210 -2 -7
3151 7 4
990 -2 7
587 -4 2
731 -4 -7
92 -7 -4
3132 7 2
2021 2 7
3088 7 -2
2241 2 -7
2714 4 -7
2210 2 -4
1165 -2 -4
727 -4 -7
2074 2 4
178 -7 4
3061 7 -4
525 -4 7
2508 4 7
2060 2 4
2584 4 2
2652 4 -2
2249 2 -7
3080 7 -2
2638 4 -2
88 -7 -4
3124 7 2
3147 7 4
107 -7 -2
2570 4 2
174 -7 4
2196 2 -4
151
159
-7 2
I Fobs Ol
-4 6.6
-4 6.7
-7 6.8
7 6.9
-4 6.9
7 6.9
-2 7
7 7
-7 7.1
-4 7.2
-2 7.3
-4 7.3
2 7.3
-2 7.4
7 7.4
4 7.4
-2 7.4
4 7.4
-7 7.5
-2 7.5
-2 7.5
-4 7.6
4 7.8
-4 8
4 8
-2 8
7 8.1
-7 8.1
2 8.3
7 8.5
-2 8.6
2 8.7
2 8.7
2 8.8
-7 8.8 W
7 9 B
7 9.1 B
-4 9.3 B
4 9.5 B
-7 9.8 B
2 9.8 B
4 9.9 B
2 9.9 B
4 10 B
-7 10.1 B
2 10.3 B
-7 10.3 B
4 10.4 B
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MIN
MAX
RANGE
COUNT
MEAN
S T D E V
BIN SIZE
BIN SIZE
BIN SIZE
6.6 6.6 1 1
10.4 7.7 21 2
8.8 11 3
3.8 9.9 8 4
11 7 5
48
8.2063
1.1479
12.1 0
48
6
1.1
0.6 6.6 1 1
7.2 8 2
7.8 13 3
8.4 7 4
9 6 5
9.6 4 6
10.2 6 7
10.8 3 8
11.4 0 9
12 0
48
10
0.3 6.6 1 1
6.9 2 2
7.2 6 3
7.5 9 4
7.8 4 5
8.1 6 6
8.4 1 7
8.7 4 8
9 3 9
9.3 2 10
9.6 1 11
9.9 4 12
10.2 2 13
10.5 3 14
10.8 0 15
11.1 0 16
11.4 0 17
11.7 0 18
12 0 19
12.3 0 20
12.6 0 21
12.9 0
48
22
6.6 7.7 8.8 9.9 11 12.1
14
160
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h k I Fobs DIFF
-7 -2 -4 6.6
-2 7 -4 6.7 0.1
-2 4 -7 6.8 0.1
-2 4 7 6.9 0.1
-7 2 -4 6.9 0
-4 2 7 6.9 0
-4 7 -2 7 0.1
-4 -2 7 7 0
-4 -2 -7 7.1 0.1
2 7 -4 7.2 0.1
4 7 -2 7.3 0.1
-2 -7 -4 7.3 0
4 -7 2 7.3 0
7 -4 -2 7.4 0.1
-2 -4 7 7.4 0
-2 -7 4 7.4 0
7 4 -2 7.4 0
-2 7 4 7.4 0
-4 2 -7 7.5 0.1
-4 -7 -2 7.5 0
-7 -4 *2 7.5 0
7 2 -4 7.6 0.1
2 7 4 7.8 0.2
7 -2 -4 8 0.2
2 -7 4 8 0
4 -7 -2 8 0
2 -4 7 8.1 0.1
-2 -4 -7 8.1 0
-4 -7 2 8.3 0.2
2 4 7 8.5 0.2
-7 4 -2 8.6 0.1
7 -4 2 8.7 0.1
-4 7 2 8.7 0
4 7 2 8.8 0.1
2 4 -7 8.8 W 0
4 2 7 9 B 0.2
4 -2 7 9.1 B 0.1
2 -7 -4 9.3 B 0.2
7 -2 4 9.5 B 0.2
4 -2 -7 9.8 B 0.3
-7 -4 2 9.8 B 0
7 2 4 9.9 B 0.1
7 4 2 9.9 B 0
-7 -2 4 10 B 0.1
4 2 -7 10.1 B 0.1
-7 4 2 10.3 B 0.2
2 -4 -7 10.3 B 0
-7 2 4 10.4 B 0.1
CLUSTER
AVERAGE
STDEV
161
ANALYSIS
0.08085106
0.07977767
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New# h k
91 3 6
I F(av) Sig1 S ig2
5 14.6 1.1 0.3
Old h k
2898 5 6
960 -3 6
226 -6 3
464 -5 3
509 -5 6
304 -6 -3
2921 6 5
374 -5 -3
758 -3 -6
947 -3 5
347 -5 -6
324 -6 -5
935 -3 5
202 -6 5
768 -3 -6
783 -3 -5
950 -3 6
771 -3 -5
2481 3 6
2730 5 -6
386 -5 -3
2279 3 -6
2945 6 3
2736 5 -6
2471 3 6
476 -5 3
3043 6 -5
2468 3 5
3037 6 -5
3023 6 -3
2304 3 -5
2853 5 3
2456 3 5
503 -5 6
216 -6 3
3013 6 -3
294 -6 -3
341 -5 -6
2775 5 -3
2763 5 -3
2865 5 3
2289 3 -6
2915 6 5
2892 5 6
2935 6 3
2292 3 -5
318 -6 -5
196 -6 5
162
I Fobs Ol
-3 13
-5 13.1
-5 13.1
-6 13.2
-3 13.4
-5 13.4
-3 13.7
-6 13.8
5 13.9
6 13.9
-3 13.9
-3 13.9
-6 13.9
-3 14
-5 14
6 14.2
5 14.3
-6 14.5
-5 15
3 15.2
6 15.5
5 15.6
-5 15.8
-3 16
5 16
6 16.1
-3 16.1
6 16.2
3 16.3 W
-5 16.4 B
6 16.4 B
-6 16.8 B
-6 17 B
3 17.2 B
5 17.4 B
5 17.5 B
5 17.6 B
3 17.7 B
6 17.7 B
-6 17.9 B
6 18.1 B
-5 18.2 B
3 18.3 B
3 18.3 B
5 18.4 B
-6 18.6 B
3 19 B
3 19.1 B
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MIN 13 13 1 1
MAX 19.1 14.9 17 2
16.8 14 3
RANGE 6.1 18.7 14 4
20.6 2 5
COUNT 48 22.5 0 6
48
MEAN 15.804
STDEV 1.8831
BIN SIZE 1.9
BIN SIZE 1 13 1 1
14 14 2
15 4 3
16 6 4
17 8 5
18 7 6
19 7 7
20 1 8
21 0 9
22 0 10
48
BIN SIZE 0.5 13 1 1
13.5 5 2
14 9 3
14.5 3 4
15 1 5
15.5 2 6
16 4 7
16.5 6 8
17 2 9
17.5 3 10
18 4 11
18.5 5 12
19 2 13
19.5 1 14
20 0 15
20.5 0 16
21 0 17
21.5 0 18
22 0 19
22.5 0 20
23 0 21
23.5 0 22
48
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h k I Fobs DIFF
5 6 -3 13
-3 6 *5 13.1 0.1
-6 3 -5 13.1 0
-5 3 -6 13.2 0.1
-5 6 *3 13.4 0.2
-6 -3 -5 13.4 0
6 5 -3 13.7 0.3
-5 -3 -6 13.8 0.1
-3 -6 5 13.9 0.1
-3 5 6 13.9 0
-5 -6 -3 13.9 0
-6 -5 -3 13.9 0
-3 5 -6 13.9 0
-6 5 -3 14 0.1
-3 -6 -5 14 0
-3 -5 6 14.2 0.2
-3 6 5 14.3 0.1
-3 -5 -6 14.5 0.2
3 6 -5 15 0.5
5 -6 3 15.2 0.2
-5 -3 6 15.5 0.3
3 -6 5 15.6 0.1
6 3 -5 15.8 0.2
5 -6 -3 16 0.2
3 6 5 16 0
-5 3 6 16.1 0.1
6 -5 -3 16.1 0
3 5 6 16.2 0.1
6 -5 3 16.3 W 0.1
6 -3 -5 16.4 B 0.1
3 -5 6 16.4 B 0
5 3 -6 16.8 B 0.4
3 5 -6 17 B 0.2
-5 6 3 17.2 B 0.2
-6 3 5 17.4 B 0.2
6 -3 5 17.5 B 0.1
-6 -3 5 17.6 B 0.1
-5 -6 3 17.7 B 0.1
5 -3 6 17.7 B 0
5 -3 -6 17.9 B 0.2
5 3 6 18.1 B 0.2
3 -6 -5 18.2 B 0.1
6 5 3 18.3 B 0.1
5 6 3 18.3 B 0
6 3 5 18.4 B 0.1
3 -5 -6 18.6 B 0.2
-6 -5 3 19 B 0.4
-6 5 3 19.1 B 0.1
CLUSTER
AVERAGE
STDEV
164
ANALYSIS
0.12978723
0.11593644
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New# h k I F(av) Sig1 Sig2 N
96 1 8 3 13.7 0.8 0.3 29
Old h k I Fobs
1485 -1 8 -3 11.7 B
884 -3 1 8 12.3
2006 1 8 -3 12.4
850 -3 -1 8 12.6
1233 -1 -8 3 12.7
2000 1 8 3 12.7
2498 3 8 -1 12.8
1754 1 -8 3 12.8
1421 -1 3 8 12.9
743 -3 -8 -1 13
1479 -1 8 3 13.1
3189 8 1 -3 13.4
3207 8 -1 -3 13.4
1313 -1 -3 8 13.5
3222 8 -3 -1 13.5
1834 1 -3 8 13.6
1942 1 3 8 13.7
977 -3 8 -1 13.8
741 -3 -8 1 13.9
834 -3 -1 -8 14
2264 3 -8 -1 14.1
868 -3 1 -8 14.1
3170 8 3 -1 14.3
1405 -1 3 -8 14.4
2262 3 -8 1 14.5
56 -8 -1 -3 14.5
1239 -1 -8 -3 14.8
38 -8 1 -3 14.9
3220 8 -3 1 15
975 -3 8 1 15.2 W
2496 3 8 1 15.8 B
2405 3 1 8 15.9 B
1760 1 -8 -3 16 B
2371 3 -1 8 16 B
1297 -1 -3 -8 16.4 B
3201 8 -1 3 16.8 B
1926 1 3 -8 17.1 B
3168 8 3 1 17.2 B
71 -8 -3 -1 17.6 B
1818 1 -3 -8 18.1 B
3183 8 1 3 18.2 B
19 -8 3 -1 18.4 B
2355 3 -1 -8 18.9 B
69 -8 -3 1 19 B
2389 3 1 -8 19 B
32 -8 1 3 19 B
1 7 - 8  3 1 19.2 B
50 -8 -1 3 20.6 B
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MIN 11.7 11.7 1 1
MAX 20.6 14 19 2
16.3 14 3
RANGE 8.9 18.6 8 4
20.9 6 5
COUNT 48 23.2 0 6
48
MEAN 15.142
STDEV 2.3076
BIN SIZE 2.3
BIN SIZE 1.2 11.7 1 1
12.9 7 2
14.1 12 3
15.3 10 4
16.5 5 5
17.7 4 6
18.9 3 7
20.1 5 8
21.3 1 9
22.5 0 10
48
BIN SIZE 0.6 11.7 1 1
12.3 0 2
12.9 7 3
13.5 5 4
14.1 7 5
14.7 6 6
15.3 4 7
15.9 1 8
16.5 4 9
17.1 1 10
17.7 3 11
18.3 2 12
18.9 2 13
19.5 4 14
20.1 0 15
20.7 1 16
21.3 0 17
21.9 0 18
22.5 0 19
23.1 0 20
23.7 0 21
24.3 0 22
48
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h k I Fobs DIFF
-1 8 -3 11.7 B
-3 1 8 12.3 0.6
1 8 -3 12.4 0.1
-3 -1 8 12.6 0.2
-1 -8 3 12.7 0.1
1 8 3 12.7 0
3 8 -1 12.8 0.1
1 -8 3 12.8 0
-1 3 8 12.9 0.1
-3 -8 -1 13 0.1
-1 8 3 13.1 0.1
8 1 -3 13.4 0.3
8 -1 -3 13.4 0
-1 -3 8 13.5 0.1
8 -3 -1 13.5 0
1 -3 8 13.6 0.1
1 3 8 13.7 0.1
-3 8 -1 13.8 0.1
-3 -8 1 13.9 0.1
-3 -1 -8 14 0.1
3 -8 -1 14.1 0.1
-3 1 -8 14.1 0
8 3 -1 14.3 0.2
-1 3 -8 14.4 0.1
3 -8 1 14.5 0.1
-8 -1 -3 14.5 0
-1 -8 -3 14.8 0.3
-8 1 -3 14.9 0.1
8 -3 1 15 0.1
-3 8 1 15.2 W 0.2
3 8 1 15.8 B 0.6
3 1 8 15.9 B 0.1
1 -8 -3 16 B 0.1
3 -1 8 16 B 0
-1 -3 -8 16.4 B 0.4
8 -1 3 16.8 B 0.4
1 3 -8 17.1 B 0.3
8 3 1 17.2 B 0.1
-8 -3 -1 17.6 B 0.4
1 -3 -8 18.1 B 0.5
8 1 3 18.2 B 0.1
-8 3 -1 18.4 B 0.2
3 -1 -8 18.9 B 0.5
-8 -3 1 19 B 0.1
3 1 -8 19 B 0
-8 1 3 19 B 0
-8 3 1 19.2 B 0.2
-8 -1 3 20.6 B 1.4
CLUSTER
AVERAGE
STDEV
167
ANALYSIS
0.1893617
0.24068204
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New# h
97  3
I F(av) Sig1 S ig2
7 13.2 0.7 0.3
Old h k
530 -4 7
963 -3 7
919 -3 4
933 -3 4
2513 4 7
96 -7 -3
3152 7 4
93 -7 -4
755 -3 -7
732 -4 -7
747 -3 -7
585 -4 3
671 -4 -3
785 -3 -4
799 -3 -4
571 -4 3
971 -3 7
162 -7 3
685 -4 -3
2709 4 -7
3135 7 3
2484 3 7
3066 7 -4
179 -7 4
726 -4 -7
2276 3 -7
3069 7 -3
524 -4 7
2306 3 -4
2492 3 7
2715 4 -7
3060 7 -4
2507 4 7
2440 3 4
2554 4 3
2454 3 4
2654 4 -3
3077 7 -3
2268 3 -7
2568 4 3
3143 7 3
2668 4 -3
2320 3 -4
3146 7 4
104 -7 -3
170 -7 3
87 -7 -4
173 -7 4
168
I Fobs Ol
-3 11.7
-4 12
7 12.3
-7 12.5
-3 12.5
-4 12.6
-3 12.7
-3 12.8
4  13
-3 13
-4 13
-7 13.1
7 13.1
7 13.2
-7 13.2
7 13.3
4 13.3
-4 13.3
-7 13.3
3 13.7
-4 13.8
-4 13.8
-3 14
-3 14.6
3 14.6
4 14.8 W
-4 15 B
3 15.2 B
7 15.3 B
4 15.5 B
-3 15.6 B
3 15.8 B
3 16.1 B
7 16.3 B
7 16.5 B
-7 16.5 B
7 16.6 B
4 16.8 B
-4 16.9 B
-7 17.3 B
4 17.6 B
-7 17.9 B
-7 17.9 B
3 18.1 B
4 18.2 B
4 18.3 B
3 18.5 B
3 19.1 B
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MIN 11.7 11.7 1 1
MAX 19.1 13.8 19 2
15.9 12 3
RANGE 7.4 18 11 4
20.1 5 5
COUNT 48 22.2 0 6
48
MEAN 14.879
STDEV 2.0881
BIN SIZE 2.1
BIN SIZE 1.1 11.7 1 1
12.8 6 2
13.9 15 3
15 4 4
16.1 6 5
17.2 7 6
18.3 7 7
19.4 2 8
20.5 0 9
21.6 0 10
48
BIN SIZE 0.6 11.7 1 1
12.3 1 2
12.9 6 3
13.5 11 4
14.1 4 5
14.7 2 6
15.3 3 7
15.9 4 8
16.5 2 9
17.1 5 10
17.7 2 11
18.3 5 12
18.9 1 13
19.5 1 14
20.1 0 15
20.7 0 16
21.3 0 17
21.9 0 18
22.5 0 19
23.1 0 20
23.7 0 21
24.3 0 22
48
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h k I Fobs DIFF
-4 7 -3 11.7
-3 7 -4 12 0.3
-3 4 7 12.3 0.3
-3 4 -7 12.5 0.2
4 7 -3 12.5 0
-7 -3 -4 12.6 0.1
7 4 -3 12.7 0.1
-7 -4 -3 12.8 0.1
-3 -7 4 13 0.2
-4 -7 -3 13 0
-3 -7 -4 13 0
-4 3 -7 13.1 0.1
-4 -3 7 13.1 0
-3 -4 7 13.2 0.1
-3 -4 -7 13.2 0
-4 3 7 13.3 0.1
-3 7 4 13.3 0
-7 3 -4 13.3 0
-4 -3 -7 13.3 0
4 -7 3 13.7 0.4
7 3 -4 13.8 0.1
3 7 -4 13.8 0
7 -4 -3 14 0.2
-7 4 -3 14.6 0.6
-4 -7 3 14.6 0
3 -7 4 14.8 W 0.2
7 -3 -4 15 B 0.2
-4 7 3 15.2 B 0.2
3 -4 7 15.3 B 0.1
3 7 4 15.5 B 0.2
4 -7 -3 15.6 B 0.1
7 -4 3 15.8 B 0.2
4 7 3 16.1 B 0.3
3 4 7 16.3 B 0.2
4 3 7 16.5 B 0.2
3 4 -7 16.5 B 0
4 -3 7 16.6 B 0.1
7 -3 4 16.8 B 0.2
3 -7 -4 16.9 B 0.1
4 3 -7 17.3 B 0.4
7 3 4 17.6 B 0.3
4 -3 -7 17.9 B 0.3
3 -4 -7 17.9 B 0
7 4 3 18.1 B 0.2
-7 -3 4 18.2 B 0.1
-7 3 4 18.3 B 0.1
-7 -4 3 18.5 B 0.2
-7 4 3 19.1 B 0.6
CLUSTER
AVERAGE
STDEV
170
A N A LY S IS
0.15744681
0.14557932
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N ew# h k I F (av) Sig1 S ig2 N
99 5 7 1 7.7 0.7 0.2 36
h k I Fobs
-7 -1 -5 5.9 B
-1 7 -5 6.3
-7 1 -5 6.6
-5 -7 -1 6.7
-1 -7 5 6.7
1 -7 5 6.7
1 7 5 6.8
1 7 -5 7
-5 -1 -7 7
-5 1 -7 7.1
-5 1 7 7.1
-1 7 5 7.1
1 -5 7 7.1
-5 -1 7 7.1
-1 5 -7 7.3
5 -7 1 7.3
-1 -5 7 7.3
5 7 -1 7.3
7 -5 -1 7.5
-1 5 7 7.5
7 -5 1 7.5
5 -7 -1 7.7
-7 -5 -1 7.7
7 5 -1 7.8
-5 -7 1 7.9
1 5 -7 7.9
1 5 7 7.9
-1 -7 -5 8.2
7 1 -5 8.3
7 -1 -5 8.4
-5 7 -1 8.5
-7 -1 5 8.8
-7 1 5 8.8
-7 5 -1 8.8
5 1 7 8.9
-5 7 1 8.9
-1 -5 -7 8.9 W
5 7 1 9 B
7 1 5 9.1 B
7 5 1 9.1 B
1 -7 -5 9.1 B
5 -1 7 9.2 B
-7 -5 1 9.3 B
7 -1 5 9.5 B
1 -5 -7 9.6 B
5 1 -7 9.6 B
-7 5 1 9.8 B
5 -1 -7 9.9 B
Old
117
1467
139
335
1251
1772
1998
1988
403
433
447
1477
1800
417
1439
2726
1279
2902
3054
1453
3056
2724
81
3156
337
1960
1974
1241
3112
3090
513
127
149
183
2836
515
1265
2904
3122
3158
1762
2806
83
3100
1786
2822
185
2792
171
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MIN 5.9 5.9 1 1
MAX 9.9 6.9 6 2
7.9 20 3
RANGE 4 8.9 10 4
9.9 11 5
COUNT 48 10.9 0 6
48
MEAN 7.9896
STDEV 1.0482
BIN SIZE 1
BIN SIZE 0.5 5.9 1 1
6.4 1 2
6.9 5 3
7.4 11 4
7.9 9 5
8.4 3 6
8.9 7 7
9.4 6 8
9.9 5 9
10.4 0 10
48
BIN SIZE 0.3 5.9 1 1
6.2 0 2
6.5 1 3
6.8 5 4
7.1 7 5
7.4 4 6
7.7 3 7
8 6 8
8.3 1 9
8.6 3 10
8.9 6 11
9.2 5 12
9.5 2 13
9.8 3 14
10.1 1 15
10.4 0 16
10.7 0 17
11 0 18
11.3 0 19
11.6 0 20
11.9 0 21
12.2 0 22
48
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h k I Fobs DIFF
-7 -1 -5 5.9 B
-1 7 -5 6.3 0.4
-7 1 -5 6.6 0.3
-5 -7 -1 6.7 0.1
-1 -7 5 6.7 0
1 -7 5 6.7 0
1 7 5 6.8 0.1
1 7 -5 7 0.2
-5 -1 -7 7 0
-5 1 -7 7.1 0.1
-5 1 7 7.1 0
-1 7 5 7.1 0
1 -5 7 7.1 0
-5 -1 7 7.1 0
-1 5 -7 7.3 0.2
5 -7 1 7.3 0
-1 -5 7 7.3 0
5 7 -1 7.3 0
7 -5 -1 7.5 0.2
-1 5 7 7.5 0
7 -5 1 7.5 0
5 -7 -1 7.7 0.2
-7 -5 -1 7.7 0
7 5 -1 7.8 0.1
-5 -7 1 7.9 0.1
1 5 -7 7.9 0
1 5 7 7.9 0
-1 -7 -5 8.2 0.3
7 1 -5 8.3 0.1
7 -1 -5 8.4 0.1
-5 7 -1 8.5 0.1
-7 -1 5 8.8 0.3
-7 1 5 8.8 0
-7 5 -1 8.8 0
5 1 7 8.9 0.1
-5 7 1 8.9 0
-1 -5 -7 8.9 W 0
5 7 1 9 B 0.1
7 1 5 9.1 B 0.1
7 5 1 9.1 B 0
1 -7 -5 9.1 B 0
5 -1 7 9.2 B 0.1
-7 -5 1 9.3 B 0.1
7 -1 5 9.5 B 0.2
1 -5 -7 9.6 B 0.1
5 1 -7 9.6 B 0
-7 5 1 9.8 B 0.2
5 -1 -7 9.9 B 0.1
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C LUSTER ANALYSIS
A VER AG E 0.08510638
STDEV 0.10210549
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New# h k  I F(av) Sig1 S ig2 N
102 2 8 3 7.4 0.7 0.2 34
Old h k I
2012 2 8 -3
981 -2 8 -3
885 -3 2 8
1045 -2 3 8
1147 -2 -3 8
978 -3 8 -2
2499 3 8 -2
1227 -2 -8 3
3223 8 -3 -2
744 -3 -8 -2
817 -3 -2 8
987 -2 8 3
2258 2 -8 3
901 -3 2 -8
2018 2 8 3
3174 8 2 -3
2261 3 -8 2
1221 -2 -8 -3
740 -3 -8 2
3171 8 3 -2
59 -8 -2 -3
833 -3 -2 -8
974 -3 8 2
72 -8 -3 -2
3210 8 -2 -3
23 -8 2 -3
1061 -2 3 -8
2265 3 -8 -2
2178 2 -3 8
2495 3 8 2
2076 2 3 8
2252 2 -8 -3
1163 -2 -3 -8
2406 3 2 8
20 -8 3 -2
3219 8 -3 2
2338 3 -2 8
3216 8 -2 3
2422 3 2 -8
3167 8 3 2
65 -8 -2 3
3180 8 2 3
16 -8 3 2
2092 2 3 -8
2194 2 -3 -8
29 -8 2 3
2354 3 -2 -8
68 -8 -3 2
Fobs
5.9 
6.2
6.3
6.4 
6.6
6.7
6.8 
6.8 
6.8
6.9 
7 
7
7
7.1
7.1
7.2
7.3
7.4
7.4
7.6
7.6
7.7
7.7
7.7
7.7
7.7
8 
8 
8
8.1
8.3
8.5
8.5
8.7 W
8.8 B
8.9 B 
9 B
9.2 B
9.4 B 
9.7 B
9.9 B
9.9 B
10.1 B
10.2 B
10.3 B
10.4 B
10.4 B
10.5 B
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MIN 5.9 5.9 1 1
MAX 10.5 7.2 15 2
8.5 17 3
RANGE 4.6 9.8 7 4
11.1 8 5
COUNT 48 12.4 0 6
48
MEAN 8.05
STDEV 1.2945
BIN SIZE 1.3
BIN SIZE 0.7 5.9 1 1
6.6 4 2
7.3 12 3
8 12 4
8.7 5 5
9.4 4 6
10.1 4 7
10.8 6 8
11.5 0 9
12.2 0 10
48
BIN SIZE 0.4 5.9 1 1
. 6.3 2 2
6.7 3 3
7.1 9 4
7.5 4 5
7.9 7 6
8.3 5 7
8.7 3 8
9.1 3 9
9.5 2 10
9.9 3 11
10.3 3 12
10.7 3 13
11.1 0 14
11.5 0 15
11.9 0 16
12.3 0 17
12.7 0 18
13.1 0 19
13.5 0 20
13.9 0 21
14.3 0 22
48
5.9 6.6 7.3 8 8.7 9.4 10.1 10.8 11.5
5.9 6.3 6.7 7.1 7.5 7.9 8.3 8.7 9.1 9.5 9.9 10.3 10.7 11.1
175
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
h k 1 Fobs DIFF
2 8 -3 5.9
-2 8 -3 6.2 0.3
-3 2 8 6.3 0.1
-2 3 8 6.4 0.1
-2 -3 8 6.6 0.2
-3 8 -2 6.7 0.1
3 8 -2 6.8 0.1
-2 -8 3 6.8 0
8 -3 -2 6.8 0
-3 -8 -2 6.9 0.1
-3 -2 8 7 0.1
-2 8 3 7 0
2 -8 3 7 0
-3 2 -8 7.1 0.1
2 8 3 7.1 0
8 2 -3 7.2 0.1
3 -8 2 7.3 0.1
-2 -8 -3 7.4 0.1
-3 -8 2 7.4 0
8 3 -2 7.6 0.2
-8 -2 -3 7.6 0
-3 -2 -8 7.7 0.1
-3 8 2 7.7 0
-8 -3 -2 7.7 0
8 -2 -3 7.7 0
-8 2 -3 7.7 0
-2 3 -8 8 0.3
3 -8 -2 8 0
2 -3 8 8 0
3 8 2 8.1 0.1
2 3 8 8.3 0.2
2 -8 -3 8.5 0.2
-2 -3 -8 8.5 0
3 2 8 8.7 W 0.2
-8 3 -2 8.8 B 0.1
8 -3 2 8.9 B 0.1
3 -2 8 9 B 0.1
8 -2 3 9.2 B 0.2
3 2 -8 9.4 B 0.2
8 3 2 9.7 B 0.3
-8 -2 3 9.9 B 0.2
8 2 3 9.9 B 0
-8 3 2 10.1 B 0.2
2 3 -8 10.2 B 0.1
2 -3 -8 10.3 B 0.1
-8 2 3 10.4 B 0.1
3 -2 -8 10.4 B 0
-8 -3 2 10.5 B 0.1
176
CLUSTER ANALYSIS 
A V ER AG E 0.09787234 
S TD E V  0.08965965
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New# h k
103 4 5
I F(av) Sig1 Sig2 N
6 8.5 0.5 0.2 28
Old h k 1 Fobs
724 -4 -6 5 6.2 B
510 -5 6 -4 6.2 B
306 -6 -4 -5 6.4 B
701 -4 -5 6 6.5 B
532 -4 6 -5 6.6 B
372 -5 -4 -6 6.6 B
203 -6 5 -4 6.7 B
204 -6 4 -5 6.7 B
325 -6 -5 -4 6.7 B
555 -4 5 -6 6.7 B
490 -5 4 -6 6.8 B
714 -4 -6 -5 6.8 B
2922 6 5 -4 6.9 B
713 -4 -5 -6 7 B
348 -5 -6 -4 7 B
542 -4 6 5 7.2 B
2899 5 6 -4 7.4 W
543 -4 5 6 7.6
340 -5 -6 4 7.7
360 -5 -4 6 7.7
2729 5 -6 4 7.8
478 -5 4 6 7.8
2515 4 6 -5 8
2707 4 -6 5 8.1
316 -6 -4 5 8.3
2879 5 4 -6 8.4
2684 4 -5 6 8.4
2538 4 5 -6 8.4
3036 6 -5 4 8.4
3044 6 -5 -4 8.4
2923 6 4 -5 8.5
502 -5 6 4 8.5
3025 6 -4 -5 8.6
2697 4 -6 -5 8.7
317 -6 -5 4 8.8
2525 4 6 5 8.8
2737 5 -6 -4 8.9
2749 5 -4 6 9
214 -6 4 5 9
2891 5 6 4 9.1
2867 5 4 6 9.1
3035 6 -4 5 9.1
2761 5 -4 -6 9.1
195 -6 5 4 9.1
2526 4 5 6 9.3 B
2696 4 -5 -6 9.4 B
2914 6 5 4 9.5 B
2933
177
6 4 5 9.7 B
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MIN 6.2 6.2 2 1
MAX 9.7 7.2 14 2
8.2 8 3
RANGE 3.5 9.2 20 4
10.2 4 5
COUNT 48 11.2 0 6
48
MEAN 7.95
STDEV 1.037
BIN SIZE 1
BIN SIZE 0.5 6.2 2 1
6.7 8 2
7.2 6 3
7.7 4 4
8.2 4 5
8.7 10 6
9.2 10 7
9.7 4 8
10.2 0 9
10.7 0 10
48
6.2 2 1
6.5 2 2
6.8 8 3
7.1 3 4
7.4 1 5
7.7 2 6
8 4 7
8.3 2 8
8.6 9 9
8.9 4 10
9.2 7 11
9.5 3 12
9.8 1 13
10.1 0 14
10.4 0 15
10.7 0 16
11 0 17
11.3 0 18
11.6 0 19
11.9 0 20
12.2 0 21
12.5 0 22
48
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h k I Fobs DIFF
-4 -6 5 6.2 B
-5 6 -4 6.2 B 0
-6 -4 -5 6.4 B 0.2
-4 -5 6 6.5 B 0.1
-4 6 -5 6.6 B 0.1
-5 -4 -6 6.6 B 0
-6 5 -4 6.7 B 0.1
-6 4 -5 6.7 B 0
-6 -5 -4 6.7 B 0
-4 5 -6 6.7 B 0
-5 4 -6 6.8 B 0.1
-4 -6 -5 6.8 B 0
6 5 -4 6.9 B 0.1
-4 -5 -6 7 B 0.1
-5 -6 -4 7 B 0
-4 6 5 7.2 B 0.2
5 6 -4 7.4 W 0.2
-4 5 6 7.6 0.2
-5 -6 4 7.7 0.1
-5 -4 6 7.7 0
5 -6 4 7.8 0.1
-5 4 6 7.8 0
4 6 -5 8 0.2
4 -6 5 8.1 0.1
-6 -4 5 8.3 0.2
5 4 -6 8.4 0.1
4 -5 6 8.4 0
4 5 -6 8.4 0
6 -5 4 8.4 0
6 -5 -4 8.4 0
6 4 -5 8.5 0.1
-5 6 4 8.5 0
6 -4 -5 8.6 0.1
4 -6 -5 8.7 0.1
-6 -5 4 8.8 0.1
4 6 5 8.8 0
5 -6 -4 8.9 0.1
5 - -4 6 9 0.1
-6 4 5 9 0
5 6 4 9.1 0.1
5 4 6 9.1 0
6 -4 5 9.1 0
5 -4 -6 9.1 0
-6 5 4 9.1 0
4 5 6 9.3 B 0.2
4 -5 -6 9.4 B 0.1
6 5 4 9.5 B 0.1
6 4 5 9.7 B 0.2
CLUSTER
AVERAGE
STDEV
179
ANALYSIS
0.07446809
0.07362681
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New# h k
104 2 7
I F(av) Sig1 S ig2
5 12.9 0.8 0.3
Old h k
999 -2 7
116 -7 -2
402 -5 -2
1209 -2 -7
160 -7 2
512 -5 7
462 -5 2
1027 -2 5
334 -5 -7
1013 -2 5
989 -2 7
1181 -2 -5
3155 7 5
2901 5 7
2240 2 -7
2727 5 -7
3053 7 -5
388 -5 -2
80 -7 -5
2030 2 7
448 -5 2
2212 2 -5
1219 -2 -7
2723 5 -7
3057 7 -5
2020 2 7
2044 2 5
3133 7 2
182 -7 5
3089 7 -2
1195 -2 -5
2058 2 5
3079 7 -2
338 -5 -7
2905 5 7
2851 5 2
2777 5 -2
106 -7 -2
516 -5 7
2250 2 -7
2837 5 2
3159 7 5
3123 7 2
2791 5 -2
150 -7 2
2226 2 -5
84 -7 -5
186 -7 5
180
I Fobs 01
-5 11.3
-5 11.6
-7 12.1
5 12.2
-5 12.2
-2 12.3
-7 12.3
-7 12.3
-2 12.4
7 12.5
5 12.6
7 12.6
-2 12.7
-2 12.7
5 12.7
2 12.9
-2 12.9
7 13
*2 13.1
-5 13.1
7 13.2
7 13.4
-5 13.5
-2 14.1
2 14.3
5 14.4
7 14.4 W
-5 14.6 B
-2 14.8 B
-5 14.9 B
-7 14.9 B
-7 15 B
5 16 B
2 16 B
2 16.1 B
-7 16.1 B
7 16.2 B
5 16.4 B
2 16.4 B
-5 16.4 B
7 16.6 B
2 16.6 B
5 16.6 B
-7 16.6 B
5 16.8 B
-7 17.6 B
2 17.6 B
2 17.9 B
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MIN 11.3 11.3 1 1
MAX 17.9 13.2 20 2
15.1 11 3
RANGE 6.6 17 13 4
18.9 3 5
COUNT 48 20.8 0 6
48
MEAN 14.31
STDEV 1.8808
BIN SIZE 1.9
BIN SIZE 1 11.3 1 1
12.3 7 2
13.3 13 3
14.3 4 4
15.3 7 5
16.3 5 6
17.3 8 7
18.3 3 8
19.3 0 9
20.3 0 10
48
BIN SIZE 0.5 11.3 1 1
11.8 1 2
12.3 6 3
12.8 7 4
13.3 6 5
13.8 2 6
14.3 2 7
14.8 4 8
15.3 3 9
15.8 0 10
16.3 5 11
16.8 8 12
17.3 0 13
17.8 2 14
18.3 1 15
18.8 0 16
19.3 0 17
19.8 0 18
20.3 0 19
20.8 0 20
21.3 0 21
21.8 0 22
48
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h k I Fobs DIFF
-2 7 -5 11.3
-7 -2 -5 11.6 0.3
-5 -2 -7 12.1 0.5
-2 -7 5 12.2 0.1
-7 2 -5 12.2 0
-5 7 -2 12.3 0.1
-5 2 -7 12.3 0
-2 5 -7 12.3 0
-5 -7 -2 12.4 0.1
-2 5 7 12.5 0.1
-2 7 5 12.6 0.1
-2 -5 7 12.6 0
7 5 -2 12.7 0.1
5 7 -2 12.7 0
2 -7 5 12.7 0
5 -7 2 12.9 0.2
7 -5 -2 12.9 0
-5 -2 7 13 0.1
-7 -5 -2 13.1 0.1
2 7 -5 13.1 0
-5 2 7 13.2 0.1
2 -5 7 13.4 0.2
-2 -7 -5 13.5 0.1
5 -7 -2 14.1 0.6
7 -5 2 14.3 0.2
2 7 5 14.4 0.1
2 5 7 14.4 W 0
7 2 -5 14.6 B 0.2
-7 5 -2 14.8 B 0.2
7 -2 -5 14.9 B 0.1
-2 -5 -7 14.9 B 0
2 5 -7 15 B 0.1
7 -2 5 16 B 1
-5 -7 2 16 B 0
5 7 2 16.1 B 0.1
5 2 -7 16.1 B 0
5 -2 7 16.2 B 0.1
-7 -2 5 16.4 B 0.2
-5 7 2 16.4 B 0
2 -7 -5 16.4 B 0
5 2 7 16.6 B 0.2
7 5 2 16.6 B 0
7 2 5 16.6 B 0
5 -2 -7 16.6 B 0
-7 2 5 16.8 B 0.2
2 -5 -7 17.6 B 0.8
-7 -5 2 17.6 B 0
-7 5 2 17.9 B 0.3
CLUSTER
AVERAGE
STDEV
182
ANALYSIS
0.14042553
0.20711221
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N ew # h k  I F(av) Sig1 S ig2  N
106 4 8 1 6.9 0.6 0.2 29
h k I Fobs
-1 8 -4 5.7
-4 1 8 5.9
-4 -1 8 6.1
-1 4 8 6.2
-1 -4 8 6.2
-4 -8 -1 6.3
-1 -8 4 6.4
1 -8 4 6.5
1 8 -4 6.5
-4 1 -8 6.6
-8 -1 -4 6.7
8 -4 -1 6.9
1 -4 8 7
-4 -1 -8 7
-1 8 4 7.1
1 8 4 7.1
-4 -8 1 7.1
4 8 -1 7.2
-4 8 -1 7.2
8 -4 1 7.2
4 -8 -1 7.3
-1 4 -8 7.3
4 -8 1 7.3
1 4 8 7.3
-8 1 -4 7.3
8 4 -1 7.5
8 1 -4 7.6
8 -1 -4 7.9
-4 8 1 8.3 W
1 4 -8 8.4 B
-8 -4 -1 8.7 B
-1 -8 -4 8.7 B
4 -1 8 8.7 B
1 -8 -4 8.9 B
8 4 1 8.9 B
-8 4 -1 8.9 B
4 1 8 8.9 B
4 8 1 9 B
8 1 4 9.2 B
-8 -4 1 9.3 B
-1 -4 -8 9.3 B
8 -1 4 9.4 B
1 -4 -8 9.6 B
-8 -1 4 9.6 B
-8 1 4 9.7 B
-8 4 1 9.8 B
4 1 -8 10 B
4 -1 -8 10 B
Old
1486
603
637
1422
1280
735
1232
1753
2007
619
57
3226
1801
653
1478
1999
737
2502
519
3228
2718
1438
2720
1943
39
3162
3190
3208
521
1959
75
1240
2620
1761
3164
11
2586
2504
3182
77
1296
3200
1817
49
31
13
2602
2636
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MIN 5.7 5.7 1 1
MAX 10 7 13 2
8.3 15 3
RANGE 4.3 9.6 15 4
10.9 4 5
COUNT 48 12.2 0 6
48
MEAN 7.8271
STDEV 1.258
BIN SIZE 1.3
BIN SIZE 0.7 5.7 1 1
6.4 6 2
7.1 10 3
7.8 10 4
8.5 3 5
9.2 9 6
9.9 7 7
10.6 2 8
11.3 0 9
12 0 10
48
BIN SIZE 0.4 5.7 1 1
6.1 2 2
6.5 6 3
6.9 3 4
7.3 13 5
7.7 2 6
8.1 1 7
8.5 2 8
8.9 7 9
9.3 4 10
9.7 4 11
10.1 3 12
10.5 0 13
10.9 0 14
11.3 0 15
11.7 0 16
12.1 0 17
12.5 0 18
12.9 0 19
13.3 0 20
13.7 0 21
14.1 0 22
48
184
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h k I Fobs DIFF
-1 8 -4 5.7
-4 1 8 5.9 0.2
-4 -1 8 6.1 0.2
-1 4 8 6.2 0.1
-1 -4 8 6.2 0
-4 -8 -1 6.3 0.1
-1 -8 4 6.4 0.1
1 -8 4 6.5 0.1
1 8 -4 6.5 0
-4 1 -8 6.6 0.1
-8 -1 -4 6.7 0.1
8 -4 -1 6.9 0.2
1 -4 8 7 0.1
-4 -1 -8 7 0
-1 8 4 7.1 0.1
1 8 4 7.1 0
-4 -8 1 7.1 0
4 8 -1 7.2 0.1
-4 8 -1 7.2 0
8 -4 1 7.2 0
4 -8 -1 7.3 0.1
-1 4 -8 7.3 0
4 -8 1 7.3 0
1 4 8 7.3 0
-8 1 -4 7.3 0
8 4 -1 7.5 0.2
8 1 -4 7.6 0.1
8 -1 -4 7.9 0.3
-4 8 1 8.3 W 0.4
1 4 -8 8.4 B 0.1
-8 -4 -1 8.7 B 0.3
-1 -8 -4 8.7 B 0
4 -1 8 8.7 B 0
1 -8 -4 8.9 B 0.2
8 4 1 8.9 B 0
-8 4 -1 8.9 B 0
4 1 8 8.9 B 0
4 8 1 9 B 0.1
8 1 4 9.2 B 0.2
-8 -4 1 9.3 B 0.1
-1 -4 -8 9.3 B 0
8 -1 4 9.4 B 0.1
1 -4 -8 3 .6  B 0.2
-8 -1 4 3 .6  B 0
-8 1 4 3 .7  B 0.1
-8 4 1 9 .8  B 0.1
4 1 -8 10 B 0.2
4 -1 -8 10 B 0
CLUSTER
AVERAGE
STDEV
185
AN ALYSIS
0.09148936
0.09742285
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New# h k  I F(av) Sig1 S ig2 N
113 5 7 3 7 0.6 0.3 31
Old h k I Fobs
95 -7 -3 -5 6
2900 5 7 -3 6
756 -3 -7 5 6.1
333 -5 -7 -3 6.1
784 -3 -5 7 6.2
962 -3 7 -5 6.3
161 -7 3 -5 6.4
79 -7 -5 -3 6.5
511 -5 7 -3 6.5
463 -5 3 -7 6.6
373 -5 -3 -7 6.6
746 -3 -7 -5 6.6
3154 7 5 -3 6.7
934 -3 5 -7 6.8
948 -3 5 7 7
477 -5 3 7 7.2
2728 5 -7 3 7.2
972 -3 7 5 7.2
770 -3 -5 -7 7.3
3052 7 -5 -3 7.4
2277 3 -7 5 7.4
2305 3 -5 7 7.5
387 -5 -3 7 7.5
2493 3 7 5 7.6
3068 7 -3 -5 7.7
2483 3 7 -5 7.7
3134 7 3 -5 7.7
181 -7 5 -3 7.8
2722 5 -7 -3 7.8
339 -5 -7 3 7.9
2455 3 5 -7 8.1 W
3058 7 -5 3 8.4 B
2852 5 3 -7 8.5 B
2469 3 5 7 8.6 B
517 -5 7 3 8.6 B
171 -7 3 5 8.7 B
2776 5 -3 7 8.9 B
105 -7 -3 5 8.9 B
2866 5 3 7 8.9 B
2267 3 -7 -5 8.9 B
2906 5 7 3 9 B
3078 7 -3 5 9 B
2291 3 -5 -7 9.1 B
2762 5 -3 -7 9.1 B
85 -7 -5 3 9.2 B
187 -7 5 3 9.3 B
3144 7 3 5 9.3 B
3160 7 5 3 9.5 B
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MIN 6 6 2 1
MAX 9.5 7.1 13 2
8.2 16 3
RANGE 3.5 9.3 14 4
10.4 3 5
COUNT 48 11.5 0 6
48
MEAN 7.6938
STDEV 1.0761
BIN SIZE 1.1
BIN SIZE 0.6 6 2 1
6.6 10 2 
7.2 3 3
7.8 12 4 
8.4 4 5 
9 9 6
9.6 8 7
10.2 0 8
10.8 0 9
11.4 0 10
48
BIN SIZE 0.3 6 2 1
6.3 4 2
6.6 6 3
6.9 2 4
7.2 1 5
7.5 6 6
7.8 6 7
8.1 4 8
8.4 1 9
8.7 4 10
9 6 11
9.3 5 12
9.6 1 13
9.9 0 14
10.2 0 15
10.5 0 16
10.8 0 17
11.1 0 18
11.4 0 19
11.7 0 20
12 0 21
12.3 0
48
22
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h k I Fobs DIFF
-7 -3 -5 6
5 7 -3 6 0
-3 -7 5 6.1 0.1
-5 -7 -3 6.1 0
-3 -5 7 6.2 0.1
-3 7 -5 6.3 0.1
-7 3 -5 6.4 0.1
-7 -5 -3 6.5 0.1
-5 7 -3 6.5 0
-5 3 -7 6.6 0.1
-5 -3 -7 6.6 0
-3 -7 -5 6.6 0
7 5 -3 6.7 0.1
-3 5 -7 6.8 0.1
-3 5 7 7 0.2
-5 3 7 7.2 0.2
5 -7 3 7.2 0
-3 7 5 7.2 0
-3 -5 -7 7.3 0.1
7 -5 -3 7.4 0.1
3 -7 5 7.4 0
3 -5 7 7.5 0.1
-5 -3 7 7.5 0
3 7 5 7.6 0.1
7 -3 -5 7.7 0.1
3 7 -5 7.7 0
7 3 -5 7.7 0
-7 5 -3 7.8 0.1
5 -7 -3 7.8 0
-5 -7 3 7.9 0.1
3 5 -7 8.1 W 0.2
7 -5 3 8.4 B 0.3
5 3 -7 8.5 B 0.1
3 5 7 8.6 B 0.1
-5 7 3 8.6 B 0
-7 3 5 8.7 B 0.1
5 -3 7 8.9 B 0.2
-7 -3 5 8.9 B 0
5 3 7 8.9 B 0
3 -7 -5 8.9 B 0
5 7 3 9 B 0.1
7 -3 5 9 B 0
3 -5 -7 9.1 B 0.1
5 -3 -7 9.1 B 0
-7 -5 3 9.2 B 0.1
-7 5 3 9.3 B 0.1
7 3 5 9.3 B 0
7 5 3 9.5 B 0.2
CLUSTER
AVERAGE
STDEV
188
ANALYSIS
0.07446809
0.07362681
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New# h k
114 2 4
I F(av) Sig1 Sig2 N
8 12  0.7 0.2 25
Old h k I Fobs
980 -2 8 -4 10.2 B
602 -4 2 8 10.8
670 -4 -2 8 10.9
2011 2 8 -4 10.9
1228 -2 -8 4 11.2
1044 -2 4 8 11.2
1180 -2 -4 8 11.4
518 -4 8 -2 11.5
2501 4 8 -2 11.6
734 -4 -8 -2 11.6
988 -2 8 4 11.7
586 -4 2 -8 11.8
2721 4 -8 2 11.8
654 -4 -2 -8 11.9
3225 8 -4 -2 12
58 -8 -2 -4 12
3161 8 4 -2 12.3
2259 2 -8 4 12.3
3173 8 2 -4 12.5
1028 -2 4 -8 12.5
2019 2 8 4 12.5
1220 -2 -8 -4 12.5
22 -8 2 -4 12.8
3209 8 -2 -4 13
2211 2 -4 8 13
2717 4 -8 -2 13.3 W
2075 2 4 8 13.9 B
3229 8 -4 2 14.1 B
74 -8 -4 -2 14.1 B
1164 -2 -4 -8 14.4 B
738 -4 -8 2 14.5 B
522 -4 8 2 14.6 B
2505 4 8 2 14.6 B
2251 2 -8 -4 14.8 B
10 -8 4 -2 15.3 B
2653 4 -2 8 15.3 B
2059 2 4 -8 15.3 B
2585 4 2 8 15.4 B
3217 8 -2 4 15.8 B
3181 8 2 4 16 B
2637 4 -2 -8 16.2 B
3165 8 4 2 16.2 B
30 -8 2 4 16.3 B
2569 4 2 -8 16.3 B
78 -8 -4 2 16.6 B
2195 2 -4 -8 16.7 B
66 -8 -2 4 17.2 b
14 -8 4 2 17.3 b
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MIN
MAX
RANGE
COUNT
MEAN
STDEV
BIN SIZE
BIN SIZE
BIN SIZE
10.2 10.2 1 1
17.3 12.2 15 2
14.2 13 3
7.1 16.2 13 4
18.2 6 5
48
13.544
2.0197
20.2 0
48
6
2
1 10.2 1 1
11.2 5 2
12.2 10 3
13.2 9 4
14.2 4 5
15.2 5 6
16.2 8 7
17.2 5 8
18.2 1 9
19.2 0
48
10
0.5 10.2 1 1
10.7 0 2
11.2 5 3
11.7 5 4
12.2 5 5
12.7 6 6
13.2 3 7
13.7 1 8
14.2 3 9
14.7 4 10
15.2 1 11
15.7 4 12
16.2 4 13
16.7 4 14
17.2 1 15
17.7 1 16
18.2 0 17
18.7 0 18
19.2 0 19
19.7 0 20
20.2 0 21
20.7 0
48
22
A A- A “V A 'V A ‘V A  A A A .A A.
12
10.2 11.2 12.2 13.2 14.2 15.2 16.2 17.2 18.2 19.2
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h k I Fobs DIFF
-2 8 -4 10.2 B
-4 2 8 10.8 0.6
-4 -2 8 10.9 0.1
2 8 -4 10.9 0
-2 -8 4 11.2 0.3
-2 4 8 11.2 0
-2 -4 8 11.4 0.2
-4 8 -2 11.5 0.1
4 8 -2 11.6 0.1
-4 -8 -2 11.6 0
-2 8 4 11.7 0.1
-4 2 -8 11.8 0.1
4 -8 2 11.8 0
-4 -2 -8 11.9 0.1
8 -4 -2 12 0.1
-8 -2 -4 12 0
8 4 -2 12.3 0.3
2 -8 4 12.3 0
8 2 -4 12.5 0.2
-2 4 -8 12.5 0
2 8 4 12.5 0
-2 -8 -4 12.5 0
-8 2 -4 12.8 0.3
8 -2 -4 13 0.2
2 -4 8 13 0
4 -8 -2 13.3 W 0.3
2 4 8 13.9 B 0.6
8 -4 2 14.1 B 0.2
-8 -4 -2 14.1 B 0
-2 -4 -8 14.4 B 0.3
-4 -8 2 14.5 B 0.1
-4 8 2 14.6 B 0.1
4 8 2 14.6 B 0
2 -8 -4 14.8 B 0.2
-8 4 -2 15.3 B 0.5
4 -2 8 15.3 B 0
2 4 -8 15.3 B 0
4 2 8 15.4 B 0.1
8 -2 4 15.8 B 0.4
8 2 4 16 B 0.2
4 -2 -8 16.2 B 0.2
8 4 2 16.2 B 0
-8 2 4 16.3 B 0.1
4 2 -8 16.3 B 0
-8 -4 2 16.6 B 0.3
2 -4 -8 16.7 B 0.1
-8 -2 4 17.2 b 0.5
-8 4 2 17.3 b 0.1
CLUSTER
AVERAGE
STDEV
191
ANALYSIS
0.15106383
0.16533542
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APPENDIX C 
TABULATED STATISTICAL DATA FOR THE SOFESERAT’S
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TABLE C-3. POLYMODAL MEANS, STANDARD DEVIATIONS, AND VARIANCES FOR EACH SOFESERAT
VOWl
New# hkl Modal #0bs1 Meanl Std Dev 1 Variance 1 #Obs2 Mean 2 Std Dev 1 Variance 2 # Obs3 Mean 3 Std Dev 3
14 132 Bi 41 29,8122 1.485462 2.206598 7 34.57143 0.95867 0.919048 0
22 142 Bl 39 12,26154 0.511764 0.261903 9 14.6 0.620484 0.385 0
27 143 BI 36 24,97222 1.115504 1,244349 12 29.51667 1.023215 1.04697 0
31 234 Bi 36 11.00278 0.438495 0.192278 12 13.275 0.513677 0.263864 0
33 125 Bi 41 22.99268 1.090273 1.188606 7 29.52857 1.649964 2.722381 0
39 153 Bi 36 9.6 0,596178 0,355429 12 11.61667 0.485861 0,236061 0
43 253 BI 34 20.39118 0.808428 0.653556 14 25.19286 1.446728 2.093022 0
46 162 Bi 41 10.19756 0.671002 0.450244 7 13.12857 0.330224 0,109048 0
49 154 BI 32 19.65 1.001934 1.003871 16 23.78125 1.076549 1.158958 0
53 452 Bi 34 9.305882 0.576269 0.332086 14 11.49286 0.430499 0,18533 0
54 136 Trl 35 19.14286 1.059769 1.123109 6 22.85 0,683347 0.467 7 25.24286 0.838366
56 362 Bi 38 9.373684 0.578294 0.334424 10 12.12 0,385285 0,148444 0
50 453 Trl 21 17.4381 0.566106 0.320476 21 20.22857 0,931205 0.867143 6 22.6 0.316228
65 164 BI 32 8.975 0.520546 0.270968 16 11.20625 0,459665 0,211292 0
67 271 BI 32 16,45 0.602682 0.363226 16 20.64375 1.934242 3.741292 0
69 246 Bi 30 16.67 0.683374 0.467 18 20.96667 1.088982 1.185882 0
73 137 Bi 34 7.982353 0.48771 0.237861 14 10.13671 0,500165 0.250166 0
76 346 Bi 33 8.409091 0.654009 0.427727 15 10,59333 0.38446 0.14781 0
77 273 Bi 38 15.33684 1.178277 1.388336 10 20.27 0.901912 0.813444 0
78 165 BI 20 15.65714 0,781465 0.610688 20 19.14 0,604708 0.578316 0
82 265 BI 29 7.968966 0.492155 0.242217 19 10.0679 0.483409 0.233684 0
84 471 Tri 32 14.73438 1.100912 1,212006 10 18.04 0,380643 0,144889 6 19.55 0.288097
89 182 Bi 36 7,956556 0.753068 0.567111 12 10,39167 0.427378 0.182652 0
90 472 BI 39 7.779487 0.788463 0.621673 9 10,05556 0.229734 0.052778 0
91 365 Tri 18 13.73333 0,43791 0.191766 16 16.1 0.604428 0,365333 14 18.12857 0.532669
96 183 Bi 30 13.58667 0.891235 0,794299 18 17.73333 1,410048 1.968236 0
97 347 Bi 23 13.0087 0.572009 0.327194 25 16.6 1.341951 1,800633 0
99 571 Bi 31 7,329032 0.615464 0.378796 17 9.194118 0,36137 0.130688 0
102 283 Tri 26 7.061539 0,514647 0.264862 13 8.569231 0.476768 0.227306 9 10,15656 0.274368
103 456 BI 16 6.6875 0.275379 0.075833 32 0.58125 0.599696 0.359637 0
104 275 Tri 32 13,15625 1,034233 1.106964 13 16.36923 0.265784 0.070641 3 17.7 0.471699
106 481 Bj 28 6.871429 0,549651 0.302116 20 9.165 0.505001 0,255026 0
113 573 Tri 14 6.385714 0.268492 0.072088 17 7.529412 0.295306 0.067206 17 8.935294 0.304017
114 248 Tri 26 11.89231 0.766772 0.587939 8 14.375 0.31063 0.096429 14 16,13571 0.670943
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TABLE C-4. F TEST VALUES FOR THE RATIO OF VARIANCE 1 AND VARIANCE 2
New# hkl Modal # Obs 1 Variance 1 #Obs2 Variance 2 #Obs 3 Variance 3 F (1.2) Table Value Reject
14 132 Bi 41 2.206598 7 0.919048 0 2.400961 3.77 N
22 142 Bi 39 0.261903 9 0.385 0 1.470011 3.06 N
27 143 Bi 36 1.244349 12 1.04697 0 1.188525 2.55 N
31 234 Bi 36 0.192278 12 0.263864 0 1.372304 2.55 N
33 125 BI 41 1.188695 7 2.722381 0 2.290226 3.77 N
39 153 Bi 36 0,355429 12 0.236061 0 1.505667 2.55 N
43 253 Bi 34 0.653556 14 2.093022 0 3.202513 2,36 Y
46 162 BI 41 0.450244 7 0.109048 0 4.128875 3.77 Y
49 154 Bi 32 1.003871 16 1.158958 0 1.154489 2.24 N
53 452 Bi 34 0.332086 14 0.18533 0 1.791864 2,36 N
54 136 Trl 35 1.123109 6 0.467 7 0.702857 2.404945 4.48 N
56 362 Bi 38 0.334424 10 0.148444 0 2.252856 2.82 N
58 453 Tri 21 0.320476 21 0.867143 6 0.1 2.705795 2.12 Y
65 164 Bi 32 0.270968 16 0.211292 0 1.282434 2.24 N
67 271 Bi 32 0.363226 16 3.741292 0 10,30018 2.24 Y
69 246 Bi 30 0.467 18 1.185882 0 2.539363 2.15 Y
73 137 Bi 34 0.237861 14 0.250165 0 1.051727 2.36 N
76 346 BI 33 0.427727 15 0.14781 0 2.893774 2.3 Y
77 273 Bi 38 1.388336 10 0.813444 0 1.706737 2.83 N
78 165 Bi 28 0.610688 20 0.578316 0 1.055976 2.09 N
82 265 Bi 29 0.242217 19 0.233684 0 1.036513 2.11 N
84 471 Tri 32 1.212006 10 0.144889 6 0.083 8.365071 2.86 Y
89 182 Bi 36 0.567111 12 0.182652 0 3.104881 2,55 Y
90 472 Bi 39 0.621673 9 0.052778 0 11.77907 3.06 Y
91 365 Tri 18 0.191765 16 0.365333 14 0.283736 1.905112 2.36 N
96 183 Bi 30 0.794299 18 1.988235 0 2,503132 2.15 Y
97 347 Bi 23 0.327194 25 1.800833 0 5.503875 1.98 Y
99 571 Bi 31 0.378796 17 0.130588 0 2.900689 2.2 Y
102 283 Tri 26 0.264862 13 0.227308 9 0.075278 1.165211 2.4 N
103 456 Bi 16 0.075833 32 0.359637 0 4.742469 2 Y
104 275 Tri 32 1.106964 13 0.070641 3 0.03 15.67027 2.46 Y
106 481 BI 28 0.302116 20 0.255026 0 1.184648 2.09 N
113 573 Trl 14 0.072088 17 0.087206 17 0.092426 1.209716 2.39 N
114 248 Tri 26 0.587939 8 0.096429 14 0.450165 6.097138 3.4 Y
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TABLE C-6. F TEST VALUES FOR THE RATIO OF VARIANCE 1 AND VARIANCE 3
Variance 3 F (1,3) Table Value Reject Ho?New# hkl Modal #Obs 1 Variance 1 #Obs2 Variance 2 #Obs314 132 BI 41 2.206598 7 0.919048 0
22 142 Bi 39 0.261903 9 0.385 0
27 143 Bi 36 1.244349 12 1.04697 0
31 234 BI 36 0.192278 12 0.263864 0
33 125 Bi 41 1.188695 7 2.722381 0
39 153 Bi 36 0.355429 12 0.236061 0
43 253 Bi 34 0.653556 14 2.093022 0
46 162 Bi 41 0.450244 7 0.109048 0
49 154 BI 32 1.003871 16 1.158958 0
53 452 BI 34 0.332086 14 0.18533 0
54 136 Trl 35 1.123109 6 0.467 7
56 362 Bi 38 0.334424 10 0.148444 0
58 453 Tri 21 0.320476 21 0.867143 6
65 164 Bi 32 0.270968 16 0.211292 0
67 271 Bi 32 0.363226 16 3.741292 0
69 246 Bi 30 0.467 18 1.185882 0
73 137 Bi 34 0.237861 14 0.250165 0
76 346 BI 33 0.427727 15 0.14781 0
77 273 Bi 38 1.388336 10 0.813444 0
78 165 Bi 28 0.610688 20 0.578316 0
82 265 Bi 29 0.242217 19 0.233684 0
84 471 Tri 32 1.212006 10 0.144889 6
89 182 Bi 36 0.567111 12 0.182652 0
90 472 Bi 39 0.621673 9 0.052778 0
91 365 Tri 18 0.191765 16 0.365333 14
96 183 BI 30 0.794299 18 1.988235 0
97 347 Bi 23 0.327194 25 1.800833 0
99 571 BI 31 0.378796 17 0.130588 0
102 283 Tri 26 0.264862 13 0.227308 9
103 456 Bi 16 0,075833 32 0.359637 0
104 275 Tri 32 1.106964 13 0.070641 3
106 481 Bi 28 0.302116 20 0.255026 0
113 573 Tri 14 0.072088 17 0.087206 17
114 248 Tri 26 0.587939 8 0.096429 14
0.702857 1.59792 3.79
0.1 3.204762 4.56
N
0.083 14.60248 4.5 Y
0.283736 1.479605 2.51 N
0.075278 3.518445 3.12 Y
0.03 36.89879 19.46 Y
0.092426 1.282129 2.4 N
0.450165 1.306051 2.42 N
TABLE C-7. ANALYSIS OF VARIANCE RESULTS FOR K=3
N ew # hk! Variance B Variance W  VarB/VarW F (2.45) Reject Ho?
14 132 2.130625 4.998819 0.4262257 3.21 N
22 142 1.5075 1.111222 1.3566146 3.21 N
27 143 2.901458 5.225194 0.5552823 3.21 N
31 234 4.290833 1.055944 4.0635043 3.21 Y
33 125 9.557708 6.67075 1.4327786 3.21 N
39 153 4.643333 0.941167 4.933591 3.21 Y
43 253 3.471458 6.010528 0.5775629 3.21 N
46 162 2.370625 1.450861 1.6339436 3.21 N
49 154 14.25583 4.489847 3.175126 3.21 N
53 452 4.2175 1.163625 3.6244495 3.21 Y
54 136 7.98958 6.307139 1.2667519 3.21 N
56 362 2.846458 1.505028 1.891299 3.21 N
58 453 10.93771 3.524972 3.1029211 3.21 N
65 164 4.714375 1.227653 3.8401527 3.21 Y
67 271 5.907708 5.403653 1.0932804 3.21 N
69 246 8.338125 4.993708 1.6697262 3.21 N
73 137 2.188958 1.171264 1.8688852 3.21 N
76 346 4.480833 1.244333 3.6009919 3.21 Y
77 273 6.502708 5.296542 1.2277271 3.21 N
78 165 11.06271 3.263806 3.3895121 3.21 Y
82 265 2.910208 1.227972 2.3699303 3.21 N
84 471 8.025625 4.259972 1.8839619 3.21 N
89 182 2.345208 1.568431 1.4952574 3.21 N
90 472 2.243125 1.276486 1.7572656 3.21 N
91 365 7.672708 3.362528 2.2818272 3.21 N
96 183 12.72646 4.996083 2.5472875 3.21 N
97 347 7.097708 4.238306 1.6746568 3.21 N
99 571 3.533958 0.990597 3.5675032 3.21 Y
102 283 2.464375 1.640694 1.5020321 3.21 N
103 456 5.580625 0.875083 6.3772522 3.21 Y
104 275 6.925833 3.386958 2.0448535 3.21 N
106 481 3.447708 1.499542 2.299174 3.21 N
113 573 3.030625 1.074819 2.8196608 3.21 N
114 248 7.786875 3.914319 1.9893307 3.21 N
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